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Mimusops Elangi (Linn.) belongs to the natural order Sapotacee and is 
indigenous to the Deccan peninsula. The oil from the seed is edible and 
is also used for purposes of lighting besides finding use in medicinal 
practice. The oil has got a reddish brown colour and a very disagreeable 
odour, though it is more or less tasteless. Since it can be easily obtained 
in large quantities at a relatively low cost, refinement so as to produce an 
odourless, colourless oil will prevent wastage of seeds and thus lead to 
national economy. The oil is not much improved by simple process of refine- 
ment. Steam distillation followed by treatment with absorbant charcoal 
leaves a colourless oil free from all odour and taste and more mobile than the 
crude oil. On remaining exposed to air, however, it acquires an yellow tint. 


Elangi oil was first investigated by Kesava Menon! (1910) who however 
determined only the constants. Rau and Simonsen? (1922) obtained a 16% 
yield of oil containing stearic, palmitic and oleic acids and a small amount 
of an acid not definitely identified. For the prasent investigation seeds col- 
lected locally during the season were extracted with benzene. (See Table I 
for constants.) The solid and liquid acids and were separately esterified 


TABLE I 
Constants of Elangi Oil 











Present work 
Rau and Simonsen |} Kesava Menon 
1. Crude oil | 2. Refined oil 

Density ne .-| 0°9113 (28° C.) D +$$ 0-9129 0-9833 0-9895 
Refractive Inde ; 1-4544 ae 1- 4666 1-4675 
Acid Value... as 2-2 45°5 12-74 0-75 
Iodine Value .. i 82-8 66-5 80- 43-83-58 81-10 
Saponification Value .. 188-0 213-9 192-0 196-9 
Acetyl Value .. a 12-0 sty a Ft 
Unsaponifiable matter .. 1-30 1-56 1-6 
Fatty acids (Insoluble) per 

cent. sa oa 89-4 93-28 93-11 
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and analysed giving the composition of the total acids as palmitic 10-97%, 
stearic 10-10%, behenic 0°46%, oleic 63-98% and linolic 14-49%. 


The seed fats of mimusops is interesting since they contain fats with 
iodine value varying from 45 to 85. Usually the maximum variation in the 
iodine value of the fats from a given species is only about 20. The compo- 
nent acids of all the Mimusops oils as well as those of a few typical 
Sapotacee oils are included in Table III. Mimusops oils contain arachidic 


TABLE IT 
Component Acids of Mimusops and a Few Sapotacee Oils 




















Name | Cis Cis Oleic | Linolic Other acids Authority 
M. Hexandra .. | 19-0 | 14-1 | 63-1 | 2-7 | 4-1 Cop) Patel (loc. cit.) 
M. Heckelu .. --| 492 35-5 58-5 | Trace | 1-1 (Cy») and 

0-7 Hexadecenoic | Atherton and Meara ( 

M. Eangi o --| 11-0 9-99 | 63-98 | 14-57 | 0-46 (Behenic) sean work 
Sideroxylon ferrugineum ..| Ca 26 wo 57-0 17-0 s Kafuka and Hata? 
Palaquinoblongifoluim ..| 6:5 57°5 36-0 ee a ReJong and De Ha 
Madhuca latifolia okt See 19-3 43-3 13-7 em Hilditch and Ichaparia! 
Butirospermum Parkii ..| 8-5 35:9 49-9 5-3 | 0-4 Myristic Hilditch and Saletore 
Calocarpum mammosum ..| 10-0 22:3 54-3 13-4 i Jamieson and Mc Ki 
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acid as acid higher than C,,-acids. Elangi oil contains behenic acid instead 
and thus forms an exeption to the fairly general rule that an oil containing 
C2 contains Cy» acid also. 


No Mimusops oil seems to have been investigated for glyceride consti- 
tution. Elangi oil does not seem to obey the rule of even distribution, 
and in this respect resembles Phulvara butter (from M. Butyracee) which 
has been shown by Bushell and Hilditch*® (1938) not to obey the rule of even 
distribution closely. An oil containing less than 30% of saturated acids has 
not so far been shown to contain more than 1 or 2% of completely saturated 
glycerides but Elangi oil containing only 21-45% of saturated acids is found 
to contain 4-25% of completely saturated glycerides. The proportion of 
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disaturated glycerides is also high. It has been recently shown‘ (1943) that 
oxidation of 80-0 g. of oil yielded 22-8 g. of an azelaoglyceride mixture con- 
taining 10°53 g. of mono-azelao-glycerides corresponding to 14-34% of 
disaturated glycerides in the oil. This is not the first time that a seed 
fat with less than 33% of saturated acids has been found to contain a 
large percentage of disaturated glycerides. Neem oil containing only 30% 
of saturated acids has been shown by Hilditch and Murthi® (1939) to con- 
tain 1-7% of disaturated glycerides, but the present investigation seems to 
be the first instance when the occurrence of linolic disaturated glycerides 
in a seed fat is definitely indicated. Elangi oil yielded, after three orystalli- 
sations from acetone 25% of a sparingly soluble portion which contained 
25% of linolic acid. In the case of neem oil (Joc. cit.) the sparingly 
soluble portion contained less than 4% of linolic acid. It is probable that 
the linolic acid glycerides in Elangi oil have been rendered comparatively 
sparingly soluble by the associated high saturated acid content. The fact 
that no portion of the fat showed an iodine value of more than 86 shows that 
probably there is no linoleo-diolein or more unsaturated glyceride mole- 
cule in the fat, the linolic acid being combined at least with one saturated 
acid radical in building up the glyceride molecule. 


Experimental 


150 g. of sun-dried, crushed seed kernel gave on extraction with ben- 
zene 37°6 g. of oil (25-07% yield). 374g. of the oil was saponified, the 
soap ether extracted and then the free acids liberated, yielding 349 g. of water 
insoluble fatty acids corresponding to 93-28 %. 


Constants of Mixed Acids.—Titre—24-2°; Refractive Index—1.4578; 
Mean Molecular Weight—278-0; Iodine Value—86-6. 


309-3 g. of the mixed acids gave 65-45 g. of solid acids and 243-85 g. 
of liquid acids corresponding to 21-16% and 78-84% respectively. 


Solid Acids—Mean Molecular Weight—296-6; Iodine Value—0-90; 
Titre—48-4°; Refrective Index—l -4434. 


Liquid Acids —Mean Molecular Weight—281-1; Iodine Value—106-5; 
Refractive Index—1-4625. 


On analysing the methyl esters of the acids separately by the ester frac- 
tionation method, the solid acids were found to consist of 49-4% palmitic, 
47-74% stearic, 2°16% behenic and 0-79% unsaturated acids; while the 
liquid acids were found to consist of 0:69% palmitic, 81-10% oleic and 


18-21% linolic acids. Thus composition of total acids is found to be 
Ala 





4 A. R. Sukumaran Kartha and K. N. Menon 


palmitic 10-97%, stearic 10-10%, behenic 0-46%, oleic 63-98%, and linolic 
14-49%. 


80-8 g. of the dry, purified, neutral oil was oxidised giving 3-4 g. of a 
residue of completely saturated glycerides corresponding to 4-25% by weight. 


Summary 


The constants, acid composition and trisaturated glvceride content of 
Elangi oil are reported. 
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Or the two types, 7-hydroxy- and 5-hydroxy-coumarins, the former have 
been more fully examined in the past obviously due to their common occur- 
rence in nature and the greater ease with which they can be prepared by 
synthetic methods. In connection with our work on insecticides more infor- 
mation was required about 5-hydroxy-coumarin derivatives and the results 
presented in this paper were obtained in that connection. There is consi- 
derable difference between the two types of compounds and their deriva- 
tives. The 7-hydroxy-compounds exhibit marked fluorescence in solution 
whereas the 5-hydroxy-compounds are entirely devoid of this characteris- 
tic. They also differ in their solubility in mild alkalies, the 5-hydroxy-com- 
pounds being Jess soluble. 


The Claisen and Fries transformations of 7-hydroxy-coumarin deri- 
vatives have been investigated in detail in the past. The allyl ethers do not 
readily undergo transformation below 200° and the best yields are obtained 
by heating between 210-240°. In general they rarely exceed 30%, due to 
the formation of considerable amounts of resins. Of the two alternative 
ortho-positions (6 and 8) available for the migration, the 8-position seems 
to be almost exclusively involved, since only 8-allyl-7-hydroxy-coumarins 
have so far been obtained.1 On the other hand when the acetate is subject- 
ed to Fries migration a small amount of the 6-acetyl-derivative is also 
obtained though the main bulk of the product is the 8-substituted compound. * 
In regard to the 5-hydroxy-coumarins the positions that could be involved 
in the above transformations are 6 and 8, the former being ortho and the latter 
para to the original hydroxy] group. The transformation of the allyl ethers in 
this type of compounds has not so far been described. Fries migration has 
been studied by Shah* and by Limaye* in the case of the acetate of 4-methyl- 
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5-hydroxy coumarin and they have been able to obtain only the 6-acetyl- 
derivative. This is rather extraodinary since it is generally considered that 
in the Fries transformation para migration takes place more easily than 
the ortho. 

As a typical example of 5-hydroxy-coumarins, 5-hydroxy-4-7-di- 
methyl-coumarin has now been chosen since it is readily made from orcinol 
and ethylacetoacetate by the well-known Pechmann condensation. It was 
originally prepared by Pechmann and Cohen® who thought it was a 7- 
hydroxy-compound in analogy with 4-methyl umbelliferone obtained from 
resorcinol. It however does not give the characteristic fluorescence of 
umbelliferone derivatives. Its correct constitution as a 5-hydroxy-com- 
pound was later eatablished by Dey.* Its allyl ether gives rise to different 
products depending upon the temperature employed for the migration. 
When heated at 160-5° C, (lower temperature) for about 2 hours it forms 
in a very high yield an alkali-soluble product (I) having ali the properties 
of an allyl phenol and a melting point of 178-9°. But if the migration is 
carried out at a higher temperature (195-200°) at atmospheric pressure or 
in vacuo an alkali insoluble substance (II) is formed as the entire product 
and it melis at 164—-S°. When the experiment is carried out at 225-30° two 
products are obtained the alkali-insoluble substance (II) which is the major 
component and an alkali-soluble substance (IIJ) melting at 239-40°. All 
the three are isomeric and from their reactions and properties it could be 
concluded that compound (I) is 6-allyl-5-hydroxy-4: 7-dimethyl-coumarin, 
compound (II) has a ring structure produced by interaction between the 
hydroxyl and the ethylene double-bond and compound (IT) is the para isomer 
of (I), that is 8 allyl-5-hydroxy-4: 7-dimethyl-coumarin. In support of this 
idea it has been found by heating (I) again at 215—20°, a substance identical 
with (II) could be obtained. It could therefore be concluded that when 
higher temperatures are employed for migration both the 6-(I) and 8-allyl 
(III) compounds are formed, the former immediately undergoing cyclisa- 
tion to yield (II); this chang: is not possible with the 8-allyl compound. 


The alkali-insoluble substance appears to be a single entity since repeated 
recrystallisation and fractionation has given rise to only one product with a 
constant melting point. There are two possible structures for this compound 
the chroman (II) and the methyl-coumaran (IV). In order to settle this 
point the methyl-coumaran has been prepared from (I) by adopting the pro- 
cedure of Adams ef al.’ (using mercuric chloride) as modified in a recent pub- 
lication by Krishnaswamy and Seshadri. Since it is quite different from 
the alkali-insoluble product obtained by Claisen transformation the latter 
has been assigned the chroman structure (II) 
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The above results are interesting in many respects. While carrying out 
the pyrolytic rearrangement of phenylallyl ether into o-allyl-phenol, Claisen™ 
observed that a small amount of 2-methylcoumaran was formed. The 
yield of this could be raised to 60% by employing acids or salts as catalysts. 
In connection with synthetic work relating to vitamin E,® it was found that 
ring closure of ortho-allylphenols derived from ¥-cumoquinol in the pre- 
sence of catalysts is dependent on the nature of the side-chain. With a simple 
allyl group methyl-coumaran was produced, whereas with dimethyl-allyl and 
phytyl groups the chroman was formed. The crotyl group was an inter- 
mediate case giving rise to a mixture of both. Subsequently Hurd and 
Hoffmann™ showed that with the simpler phenols having allyl and crotyl 
groups it is possible to get either the coumaran or the chroman ring by sui- 
tably adjusting the conditions. In the absence of peroxides the coumarans 
were produced and in their presence chromans were formed. With dimethyl- 
allyl group the chroman was produced even without a peroxide. The results 
reported in the present paper indicate the existence of another possibility 
where even the simple allyl group can give rise to a chroman in the absence 
of peroxide or catalyst probably due to the influence of the 5-hydroxy- 
coumarin structure already present. Obviously in these reactions the nature 
of the product is dependent on a number of factors (I) the structure of the 
original phenolic body, (2) the nature of the allyl side chain and (3) the 
presence or absence of peroxides. It should be mentioned here that almost 
quantitative yields of the coumarino-chroman are obtained when it is directly 
made from the allyl ether as contrasted with the partial transformation of the 
6-allyl-5-hydroxy coumarin (yield 30%). Obviously the 6-allyl compound 
is not an intermediate stage between the allvl ether and the chroman in the 
direct process. The following mechanism could probably represent the 
changes correctly. ce 
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In order to ascertain whether the peculiarities mentioned above are 
innate characteristics of the 5-hydroxy-compound or are due to the effect of 
the methyl group coming from the orcinol part, the Claisen migration of 
the allyl ether of 7-hydroxy-5-methyl-coumarin, a condensation pro- 
duct of orcinol and malic acid, has also been studied. The results are 
quite analogous to those of umbelliferone derivatives and the methyl 
group of the orcinol nucleus has no special effect. The migration does not 
take place at a lower temperature (170°) and at a higher temperature (200°) 
only 8-allyl-7-hydroxy-5-methyl-coumarin is obtained in comparatively 
small yields. There is thus marked difference between 7-hydroxy and 5- 
hydroxy-coumarins in the nature of the claisen migration of the correspond- 
ing allyl ethers. The former undergo change only at a higher temperature 
and the yields of the allyl phenols are poor, probably due to polymerisation 
taking place side by side yielding resins. The Jatter undergo the migration 
easily and give good yields of products, the nature of which depend upon the 
temperature employed. 


The Fries migration of 5-acetoxy-4: 7-dimethyl coumarin has also been 
examined now. The product yields only one crystalline compound whose 
properties and reactions indicate that it is the 6-acetyl derivative; migra- 
tion to the 8-position does not seem to have taken place to any appreciable 
extent and in this there is agreement with the behaviour of 5-acetoxy-4- 
methyl coumarin. The exclusive formation of the 6-acetyl-compound as 
the result of Fries reaction of 5-hydroxy-coumarin-acetates may probably 

















Synthetic Experiments in the Benzo-Pyrone Serites—VIII 9 


be attributed to the high temperature that has necessarily to be employed in 
the case of these compounds in order to get them fused with aluminium 
chloride. High temperature has been found to favour in other cases also 
ortho migration in preference to the para™®. 


The difference in the behaviour of 7-hydroxy and 5-hydroxy coumarin 
derivatives in Claisen and Fries migrations may be partly due to the fact 
that in the former only ortho positions are available for reaction and in the 
latter an ortho and a para position. Similar differences exist in nitration 
also. In 7-hydroxy-coumarin the 8th position is consistently very highly 
reactive as compared with the feeble reactivity of position 6 in all reactions. 
This was attributed by Rangaswamy and Seshadri to the preferential 
orientation of a double-bond between the 7th and 8th positions (formula V). 
In 5-hydroxy coumarins position 6 (ortho) has been shown to be reactive 
in Claisen and Fries migrations. Working with 5-hydroxy-4-methyl-coumarin 
Parekh and Shah?" found that nitration at 0° C. gave the 8-nitro compound 
(p-nitration) whereas at the room tc mperature 6 : 8-dinitro compound 
was produced. Obviously ortho or para reactivity in 5-hydroxy coumarins 
is controlled by the nature of the entering group and the conditions. 
The formula (V) satisfactorily explains all the properties of 5-hydroxy cou- 
marins also. A para position can be activated in any disposition of the 
double bonds in the benzene ring. Hence in studying the possible fixation 
of double bonds two rival ortho positions alone seem to offer possibilities of 
correct comparison and not an ortho and a para combination; 5-hydroxy 
coumarins do not seem to be, therefore, suitable for this study. 


y oO + oO 
ot @ 4\/\co 





ky y \S 
on 
(V a) (V 4) 
Experimental 


5-Hydroxy-4: 7-dimethyl-coumarin.—This compound was obtained in 
very good yields by keeping overnight a mixture of equimolecular propor- 
tions of orcinol and ethylacetoacetate and twice their combined weight of 
concentrated sulphuric acid and working it up the following day (2-8 g. of 
coumarin from 2-0g. of orcinol). 


It could also be obtained in equally good yields by heating the mixture 
in the above proportions in a boiling water-bath for 1 hour. 
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Appel’s method using anhydrous alcoholic solution and saturating it 
with dry hydrogen chloride gave the product in good yields but the method 
is not very convenient. 


5-Allyloxy-4 : 7-dimethyl-coumarin.—5-Hydroxy-4 : 7-dimethyl-coumarin 
(9:5 g.) and allyl bromide (6-0g.) were dissolved in anhydrous acetone 
(400 c.c.), anhydrous potassium carbonate (20g.) added and the mixture 
boiled under reflux on a water-bath for about 6 hours. The acetone was 
then removed by distillation and water added to the residue. The insoluble 
solid was filtered and recrystallised from alcohol; the allyl ether was thus 
obtained as rectangular plates melting at 127-8°; yield almost quantitative. 
(Found: C, 73-3; H, 6:4; C,4H,4O; requires C, 73-0; H, 6°1%.) 


Claisen migration: (i) 6-Allyl-5-hydroxy-4: 7-dimethyl-coumarin.—The 
allyl ether (2 g.) was heated for 2 hours in a paraffin-bath, the temperature 
of which was maintained at 160-5°. The product was then mostly soluble 
in aqueous sodium hydroxide. The alkali solution on acidifying yielded a 
precipitate, which on recrystallisation from alcohol, was obtained as 
colourless elongated rhombohedral crystals, melting at 178-9°. The sub- 
stance gave no prominent colour with ferric chloride; yield 1-5 g. (Found: 
C, 73:2; H, 6:4; C,,H,,O, requires C, 73-0; H, 6-1%.) 


(ii) a. 4: 7-Dimethyl-coumarino-S : 6-chroman.—The allyl ether (5 g.) was 
heated in a paraffin-bath at 225-30° for 2 hours. The final product was 
separated into an alkali-soluble fraction and an alkali-insoluble fraction. 
The latter on recrystallisation from alcohol gave rectangular plates, melting 
at 164-S°; yield 4-0g. (Found: C, 73-1; H, 6-4; C,,H,,O, requires 
C, 73:0; H, 6-1%.) 


b. 8-Allyl-5-hydroxy-4 : 7-dimethylcoumarin.—The alkali-solubie frac- 
tion obtained in the above experiment was liberated by acidifying the 
alkaline solution. The precipitate thus obtained on recrystallisation from 
alcohol yielded colourless rectangular plates and prisms, melting at 239-40°; 
yield 0:2g. (Found: C, 72-7; H, 6-5; CjgH,4O3 requires C, 73-0; H, 
6-1%.) 

The above chroman could also be obtained in almost quantitative yields 
by heating the allyl ether (2 g.) at 195-200° either at atmospheric pressure 
or in an evacuated system (water-pump) but no 8-allyl-compound could 
be isolated in these cases. 


(iii) The 6-allyl compound obtained in (I) (1 g.) was heated at 215-20° 
in a paraffin-bath for 2 hours. It was then separated into an alkali-soluble 
fraction and an alkali-insoluble fraction. The alkali-soluble portion after 
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repeated purification was found to be identical with the original 6-allyl- 
compound (melting at 178-9°). The alkali-insoluble portion on re- 
crystallisation from alcohol was obtained as rectangular plates, melting at 
163-4°; (yield 0-3 g.);. the mixed melting-point with chroman obtained 
in (iia) was undepressed. 


Mercuric chloride addition compound of 6-allyl-5-hydroxy-4: 7-dimethyl 
coumarin.—To a solution of 6-allyl-5-hydroxy-4: 7-dimethyl-coumarin (2 g.) 
in methyl alcohol (20 c.c.), a solution of mercuric chloride (2-5 g.) in the 
same solvent (20c.c.) was added and the mixture left overnight. The 
mercuric chloride addition product crystallised out in rectangular rods. The 
pure sample obtained by washing the precipitate with a little alcohol melted 
at 228-9°; yield 3-5g. (Found: Cl, 14:0; C,4H,,0;, HgCl, requires Cl, 
14-2%.) 

4: 7-Dimethyl coumarino-a-iodomethyl-dihydro-5: 6-furan—The mercuric 
chloride addition compound (3 g.), was ground up with excess of a solution 
of iodine in potassium iodide solution; the reaction was facilitated by warm- 
ing the mixture on a water-bath for about an hour. The precipitate was 
then filtered and recrystallised from alcohol. It was then obtained as 
rectangular prisms, melting at 166-7°; yield almost quantitative. (Found: 
I, 35:1; C,,4H,303 I requires I, 35-7%.) 

4: 7-Dimethyl-coumarino-a-methyl-dihydro-5 : 6-furan.—The iodine com- 
pound (2-5 g.) was suspended in alcohol (50 c.c.) and small pieces of sodium 
metal were pressed to the bottom of the container by means of a glass rod. 
The addition of sodium was continued till the reaction became very slack, 
The solution was then diluted with water and acidified. On standing, a 
precipitate was obtained, which on recrystallisation yielded colourless 
rectangular plates melting at 205-6°; yield 0-2. The substance is insoluble 
in hot dilute sodium hydroxide. (Found: C, 73-3; H, 6-4; C,,H,,O, 
requires C, 73-0; H, 6°1%.) 


7-Allyloxy-5-methyl coumarin. —1-Hydroxy-5-methyl coumarin™ was ally]- 
ated as in the previous case using allyl-bromide and anhydrous potassium 
carbonate in acetone medium. The allyl ether crystallised out from alcohol 
in rectangular plates, melting at 78-9°; yield quantitative. (Found: C, 
72:4; H, 5:8; C,sH,.O3 requires C, 72-2; H, 5-6%.) 

8-Allyl-7-hydroxy-5S-methyl-coumarin—The above compound (2 g.) was 
heated in an oil-bath at 200-5° for about 2 hours. The product thus 
obtained was found to be almost completely soluble in aqueous sodium 
hydroxide. The clear solution was acidified and the precipitate obtained 
therefrom repeatedly recrystallised from alcohol. The allyl phenol’ was 
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thus obtained in rectangular plates, melting at 174-5°; yield 0-6g. (Found: 
C, 71°8; H, 5-2; C,3H,,0, requires C, 72-2; H, 5-6%.) 


The Claisen migration was also carried out at a higher temperature 
(230-40°). The yield of the allyl phenol was considerably lower than 
in the previous case due to greater resinification but no chroman could be 
isolated. 


4: 7-Dimethyl-5-acetoxy-coumarin.—It was prepared by heating together 
a mixture of 5-hydroxy-4: 7-dimethyl-coumarin, acetic anhydride and an- 
hydrous sodium acetate. On recrystallisation from alcohol the acetate 
was obtained as rectangular plates, melting at 199-200° (cf. Pechmann’, 
195°). 


Fries migration of the acetate: preparation of 6-acetyl-5-hydroxy-4: 7 
dimethyl coumarin.—The acetate (3 g.) and anhydrous aluminium chloride 
(6 g.) were powdered together and heated in an oil-bath at 130° at first and 
the temperature was slowly raised to 170° during the course of half-an-hour. 
The heating was continued at this temperature for an hour more. The 
material was then cooled and aluminium chloride was dissolved out using 
dilute hydrochloric acid. The solid Jeft behind was filtered and recrystallised 
from glacial acetic acid. 6-Acetyl-5-hydroxy-4: 7-dimethyl-coumarin was 
thus obtained as rectangular plates, melting at 177-8°. By repeated 
crystallisation and fractionation no change was effected in the melting point 
and no other product could be isolated. This substance gives a marked 
brown colour with ferric chloride indicating the presence of an ortho- 
hydroxy-carbonyl grouping in it. Yield 1-0g. (Found: C, 67-6; H, 5:4; 
C,3H,,0, requires C, 67:2; H, 5-2%.) 


Summary 


Claisen migrations of the allyl ether of 4: 7-dimethy!-5-hydroxy-coumarin 
gives rise to three isomeric compounds depending upon the conditions, (I) 
6-allyl-S-hydroxy-4: 7-dimethyl coumarin (high yield), (II) the corresponding 
chroman (high yield), and (III) 8-allyl-5-hydroxy-4: 7-dimethyl coumarin 
(low yield). (II) has been shown to be a chroman by comparison with the 
corresponding methyl coumaran obtained by authentic methods from (I). 
The acetate of the above coumarin undergoes Fries reaction to give the 6- 
acetyl compound. Claisen migrations of the allyl cther of 7-hydroxy-5- 
methyl-coumarin yields only the 8-allyl-derivative. The difference in the 
behaviour of the derivatives of 5- and 7-hydroxy coumarins and the special 
conditions of the chroman and coumaran ring closure of o-allyl phenols are 
discussed, 
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From a study of the reactivity of 7-hydroxy-coumarins! and -chromones* 
it was concluded that though these compounds normally exhibited great 
reactivity in position 8 indicating that a double bond was fixed between the 
7 and 8 positions as in (A) and (C), reactivity in the alternative structures (B) 
and (D) was not altogether precluded. The coupling of phenolic compounds 
with diazonium salts to form azo dyes is a very facile reaction taking place 
energetically even at low temperatures, and even feeble reactivity of a 
nuclear position would suffice to direct a diazo group to that position. Hence 
in order to get more information on the subject of bond fixation, the behaviour 
of certain 7-hydroxy-chromones and -coumarins towards diazotised p-nitrani- 
line was studied in detail. The results indicated that the factors controlling 


the composition of the azo dye are rather complex and that, whether a mono- 
or a bis-azo dye is formed may depend not only on the disposition of aromatic 
double bonds and the quantity of the reagent employed, but on various 
other factors such as the solubility of the mono-azo dye that may be produced 
wien and its “igi to react further to form the bis-azo dye. 


) Cr je: r OW Or 


ws a view to see aes far the above siacilicles regarding ve factors 
that control azo dye formation is valid, the reactivity of 5-hydroxy-7- 
methylcoumarin‘ (I) and 5-hydroxy-4 : 7-dimethyl-coumarin‘ (IT} has now been 
investigated. In these two compounds the question of bond fixation does 
not come in as in the case of 7-hydroxy-coumarins, and both the 6 and 8 
positions, which are respectively ortho and para to the S-hydroxy, may be 
expected to react, resulting in the formation of bis-azo dyes, provided of 
course, there are no other interfering factors. The reactivity of 7-hydroxy-5- 
methylcoumarin®? (111) has also been studied for purposes of comparison 
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with 5-hydroxy-7-methylcoumarin, and also with the object of seeing if the 
introduction of an alkyl substituent in the benzene part of the coumarin ring 
system has any influence on azo dye formation. 


The diazo-coupling reactions were carried out in a manner essentially 
the same as that employed for the chromones and coumarins previously 
studied.* In the case of (Il) the reaction was carried out in sodium carbo- 
nate medium but this could not be done with (I) and (II) as these 5-hydroxy- 
coumarins were very sparingly soluble in sodium carbonate. The use of sodium 
hydroxide was also precluded as this would result in the possible opening 
of the a-pyrone ring. Hence dilute ammonium hydroxide was employed in 
conjunction with alcohol to get them into solution. The diazonium salt 
solution was prepared by diazotising p-nitraniline and making up the solu- 
tion to known volume, the temperature being kept near 0° throughout the 
process. Calculated quantities of this solution were added to the ice-cold 
solutions of the coumarins to give just one molecular proportion of the 
reagent in one set of experiments and slightly more than two molecular 
proportions in another set. After allowing the mixture to stand in the refri- 
gerator for two days, the dye was filtered, crystallised from glacial acetic acid 
and washed with a large volume of water and then with a little alcohol. 
The air-dry dye was then examined for its composition by analysing for 
nitrogen. 





No. of % N calculated for 
molecular 
Medium proportions 


employed Be pe Mono-azo| Bis-azo 


niline dye dye 





Phenolic compound 











5-Hydroxy-7-methyl- Ammonia and . 12-9 : Brown 


coumarin alcohol . Dark brown 


5-Hydroxy-4 : 7-dimethyl-| Ammonia and : 12-4 


coumarin alcohol ° Dark brown 


7-Hydroxy-5-methyl- Sodium . 12-9 : Red brown 
coumarin carbonate ° Red brown 





























The results recorded in the above table show that in all the three cases 
only mono-azo dyes were formed when one molecular proportion of the di- 
azonium salt was employed, and a mixture of the mono- and bis-azo dyes 
with more than two molecular proportions of the reagent. In the case of 
the 5-hydroxy-coumarins, though both the ortho and para (6 and 8) 
positions are free and may be expected to react with the diazonium salt to 
give bis-azo dyes, this has not happened even when excess of the reagent 





16 S. Rangaswami and K. Ranganadha Rao 


was available. The present findings thus confirm the opinion already 
expressed™ that bis-azo dye formation is not controlled only by the disposition 
of nuclear double bonds and the reactivity of positions in the original com- 
pound, but is subject to various other factors, such as solubility related to 
the mono-azo dye and its reactivity. 

The results obtained with 7-hydroxy-5-methylcoumarin were not very 
different from those with 7-hydroxycoumarin, thus showing that the intro- 
duction of an alkyl substituent in the benzene part has not changed the 
reactivity of 7-hydroxycoumarin to any degree. 


Summary 


The 5-hydroxycoumarins behave very similar to 7-hydroxycoumarins 
in regard to azo-dye formation with one and more than two molecular 
proportions of diazotised p-nitraniline. The significance of these results is 
discussed. 

The authors desire to express their grateful thanks to Prof. T. R. 
Seshadri for his kind interest in this work. 
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A Correction.—In the paper entitled “‘ Fixation of Aromatic Double 
Bonds”’ by Rangaswami and Seshadri (Proc. Ind. Acad. Sci., A, 1941, 14, 
547-71), the inclusion of the word “ 7-hydroxy-4-methylcoumarin ” in the 
first line on page 565 is a mistake. This compound gives a bis-azo dye 
with one molecular proportion of diazonium salt, only in sodium hydroxide 
medium (vide reference 3 in the present paper) and under these circumstances 
there is the possibility of the pyrone ring opening out. 
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IN previous publications of this series‘ the Raman spectra of some typical 
carboxylic acids and their solutions in various solvents were described and 
the phenomenon of association through hydrogen bonds discussed. Acetic 
and propionic acids represent normal aliphatic acids, formic acid is excep- 
tional and exhibits greater complexity, and benzoic and cinnamic acids form 
a third type. Salicylic acid has now been taken up for study as a further 
interesting case since in it should exist two opposing influences, (1) forma- 
tion of intermolecular hydrogen bonds leading to association and 
(2) formation of intramolecular hydrogen bonds (chelation) hindering 
association. 


The Raman spectrum of salicylic acid does not seem to have been 
investigated completely before. The only reference to this substance relates 
to the low frequency Raman lines in the crystalline state by Venkateswaran.*? 
The C=O frequencies have not so far teen recorded. Since the present 
investigation deals mainly with these frequencies, Raman spectra of the 
solutions of the substance in dioxan and in benzene are now described. 
Due to the existence of fluorescence there was difficulty in recording the 
entire spectrum and hence the frequencies given below are not exhaustive. 
The picture obtained with the dioxan solution was bright and quite clear 
particularly in the C=O region. 


Raman spectrum of salicylic acid in dioxan solution.—440(1) 565 (. 
816 (3) 1036 (9) 1137 (1) 1156 (2) 1253 (10) 1328 (6) 1400 (1) 1465 (6) 1586 (2) 
1670 (6). 

There is only one line in the C= O region and it is bright; the frequency 
corresponds to that of the bright C=O line of the esters of salicylic acid 
attributable to the chelate form. It could therefore be inferred that in 
dioxan solution salicylic acid has the chelate structure. Since it has already 
been shown in the case of benzoic acid that the dimers break down in 





* Now working in the Research Laboratory, Tata Iron and Steel Works, Jamshedpur. 
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dioxan solution into monomer solvent associates (formula 1), a similar 
condition may be expected to prevail in regard to salicylic acid solution also, 
with the difference that chelation takes place in this acid due to the presence 
of the phenolic hydroxyl in the ortho position (formula II). It may be 
recalled here that dioxan does not.disrupt the chelate ring form in the esters 
of salicylic acid. 


i 
() . 
1 \ 


(I) 
(Broken arrows indicate hydrogen bonds) 

The spectrum of salicylic acid in benzene solution was not bright mainly 
due to low solubility at room temperature. But all the frequencies men- 
tioned above could be found in it. There was however one marked differ- 
ence; two C=O frequencies were present, a feeble one at 1670 cm.-! and a 
brighter one at 1700 cm.-! The state of the acid molecules in benzene solution 
therefore seems to be complex. The feeble line at 1670cm- could 
reasonably be attributed as before to chelate structures which are present 
to an appreciable extent. These most probably consist of the monomole- 
cular form of the acid. Though molecular weight determinations in this 
solvent give values almost double that required for the ordinary formula, 
experiments carried out by Hendrixson® on the partition of the acid between 
benzene and water indicate the existence of appreciable amounts of the 
monomeric form. In his partition experiments the effect of water present 
in the benzene solution may be expected to cause some discrepancy favouring 
the monomolecular form. However, the difference between benzoic acid 
and salicylic acid is quite marked even in these experiments. In the case 
of the latter the monomeric form is present in far greater amounts. This 
seems to be obviously due to the influence of the phenolic hydroxyl leading 
to increased stability of the monomers by chelation. 
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The brighter line at 1700 cm.~' should then be attributed to the aimers 
of the acid. It is difficult to say at present what exact structure these have. 
The ring form similar to that of benzoic acid dimers seems to be precluded 
since such a structure may be expected to have a much lower C=O fre- 
quency (about 1650 cm. as in benzoic acid). Some type of open structure 
is therefore indicated. 


More light could be expected to be thrown on this subject by a detailed 
study of salicylic acid in other solvents and also of some of its derivatives. 
This study could not at present be made due to dislocation caused by the 
global war now raging. However, the result obtained in a preliminary 
study of acetyl salicylic acid (aspirin) in dioxan solution may be here recorded 
since it is somewhat remarkable and interesting. The picture showed some 
continuous spectrum, but the C=O region was clear. There was only 
one intense and broad line at 1726cm.-1 This corresponds to the C=O 
frequency of ethyl benzoate (1720 cm.-) and the new faint line of salicylates 
attributable to the unchelated C=O bonds. The dioxan solution of 
benzoic acid hus also a C=O line in this region. 


In dioxan solu:ion the monomeric form of aspirin could be expected to 
be produced just as in the case of benzoic acid and associated with the 
solvent by means of hydrogen bonds as represented by formula (1V). This 
contains two C=O groups. The existence of C=O (1) can account for 
the frequency <t 1726cm.—? satisfactorily based on analogies quoted in the 
previous paragraph. But C=O(2) corresponds to the carbonyl present 
in phenyl acetate and may be expected to give a strong line at about 
1766cm.-! This is definitely absent in the spectrum. Formula (IV) may 
not therefore represent the correct position, and it is possible that C= O (2) 
is involved in hydrogen bond formation. A ring structure as in (V) 
appears to be more satisfactory; it involves the existence of a chelate hydro- 
gen bond between the carbonyl of the acetate group and the hydrogen atom 
of the carboxyl group. This formulation not only locates the frequency of 
C=O/(1) at about 1726cm.-! but further suggests that the frequency of 
C=O(2) should be lowered as the result of chelation by about 40 wave 
numbers to almost the same value as C=O/(l), namely 1726cm.-! The 
observed line is rather broad and it may be due to the juxtaposition of the 
two C=O lines merging into one. In support of this idea could be stated 
ihat C=O(2) corresponds to the carbonyl group in phenyl esters and is 
a powerful donor and that the H atom of the carboxyl is a strong acceptor, 
and hence these could form intramolecular hydrogen bonds with facility. 
Further support could probably be obtained from a study of related com- 
pounds and derivatives which could not be undertaken now. 
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Summary 


The Raman spectrum of salicylic acid has been studied for the first 
time in dioxan and benzene solutions. In the former monomolecular chelate 
structures associated with the solvent predominate; in the latter some chelate 
monomers exist, but the major portion consists of dimers whose structure 
is ‘not quite clear. The spectrum of acetyl salicylic acid (aspirin) in dioxan 
seems to indicate that it has a chelate structure. 
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ALKALOIDS 


Part I. The Oxidation of Papaverine to Papaveraldine (Xanthaline) 
by Selenium Dioxide 
By K. N. MENON 
(Maharaja’s College, Ernakulam) 
Received December 2, 1943 


One of the most successful methods for elucidating the constitution of 
alkaloids is the examination of the behaviour of the alkaloids towards 
oxidising agents. Very often the initial products of the oxidation are fur- 
ther attacked by the oxidising agent resulting in degradation products 
of comparatively small molecular weight and often much oxalic acid. It 
is mainly for this reason that it has frequently been found difficult to iso- 
late the initial product of the oxidation and that, in its place, a variety 
of degradation products derived from one or the other half of its molecule 
are the only substances that can be discovered. This leads to difficulties in 
rigidly fixing the constitution of the substance. 

In the course of some investigations it became evident that the oxida- 
tive methods commonly employed are not helpful in deciding alternative 
possibilities of ring structure. It was found that scienium dioxide oxida- 
tion was useful in getting workable quantitics of the primary oxidation pro- 
ducts, but interpretation of the results became difficult due to the lack of 
specific knowledge concerning the action of selenium dioxide on condensed 
polynuclear heterocyclic structures. In order to gain insight in this 
direction it was decided to examine the behaviour of selenium dioxide 
towards alkaloids of known constitution. 

Riley! gives an excellent review of the use of selenium dioxide as an 
oxidising agent and a perusal of the literature shows that the outstanding 
feature is the highly specific nature of the oxidising action of selenium dioxide. | 
Although selenium dioxide is undoubtedly a relatively vigorous oxidising 
agent, its action stops at specific stages even though the compound poduc- 
ed is unstable towards oxidising agents and highly reactive, as in the 
case of mesoxalic ester,? ketohydroxysuccinic ester,* pyridine and quinoline 
aldehydes‘, etc. Hence the hope is entertained that selenium dioxide oxida- 
tion would prove a very useful tool in alkaloid chemistry. 

When papverine, in acetic acid solution, is oxidised with selenium 
dioxide it is converted into papaveraldine (xanthaline). 
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This result is in conformity with the observation that an aryl group can 
activate the adjacent methylene group and render it susceptible to attack 
by selanium dioxide’. The quantitative yield of papaveraldine and the 
absence of other degradation products is specially noteworthy. 


Papaveraldine, first isolated by Smith* from opium in which it occurs 
only in minute quantities, was examined by Dobson and Perkin’ and proved 
to be identical with the product® obtained by the oxidation of papaverine, 
dissolved in sufficient dilute sulphuric acid to form the acid salt, with cold 
2% potassium permanganate solution. The identity of the selenium 
dioxide oxidation product was established by a comparison of the melting 
points of the alkaloid, its methiodide and picrate. 


Experimental 


To papaverine (10 g.) dissolved in acetic acid (100 c.c.) was added pure 
selenium dioxide (4 g.) and the mixture heated on the water-bath for 14 hrs. 
and then refluxed for the same period. After oxidation the acetic acid 
solution was filtered and the filtrate evaporated to dryness on the water-bath. 
The residue was ground up with 100 c.c. of 50% hydrochloric acid when 
the product went into solution and after a short time the hydrochloride 
separated out. 400 c.c. of water was added and the mixture heated on the 
water-bath. The solution was filtered from a small quantity of insoluble 
impurity and allowed to cool when the hydrochloride (m.p. 200°) separated 
out. This was decomposed with ammonia and the free base crystallised 
from methylethyl ketone yielding plate-like crystals melting at 209-211° 
(Literature7-210°). The methosulphate was converted into methiodide and 
crystallised from dilute methyl alcohol in orange yellow crystals melting 
at 133-135° (Literature”®-132 and 135°). The picrate crystallised in fine 
yellow needles melting at 208-209° (Literature*-208-209°). The platinic 
chloride analysed for the formula (Cy9H,gO;N.HCl), PtCl,. H,O. 


Summary 
The selenium dioxide oxidation of papaverine yields papaveraldine. 
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AND NON-ELECTRONIC COMPONENTS 
OF COSMIC RADIATION 


By H. J. Buasna, F.R.S. 


(Cosmic Ray Research Unit, Indian Institute of Science, Bangalore) 


Received December 14, 1943 


Cosmic radiation is known to be composed of two main components which 
differ greatly in their behaviour. One component consists of electrons, 
positrons and gamma-rays and is called the soft component. The other, 
called the hard component, consists of mesons of positive and negative 
charge, and probably also of neutral mesons. The words soft and hard are 
used in this paper only in the sense defined above, and carry with them no 
indication of the energy or penetrating power of the individual particles. 
There may also exist a certain number of very high energy protons which we 
will consider here with the hard component. There is in addition a certain 
number of neutrons, low energy protons and fragments of disintegrated 
nuclei which do not need to be considered in this paper. The behaviour 
of the soft component is accurately described by the quantum theory and in 
particular the cascade theory, while the behaviour of the penetrating com- 
ponent is known both theoretically and experimentally to a much lesser 
extent. In studying the behaviour of the hard component experimentally, 
various devices have been used by different authors for excluding the effects 
of the soft component. The degree of accuracy of the experiments and even 
the interpretation of some of them depend on the extent to which these 
devices discriminate against the soft component. The most commonly 
used method of discriminating between the soft and hard components is to 
observe or measure their penetration through plates or blocks of different 
thicknesses of some dense material such as lead. The heavy material then 
serves either for excluding the soft component due to its greater absorba- 
bility, or, as is usual in experiments with a Wilson chamber, as a medium 
in which the electrons produce showers and can thus be distinguished from 
the particles of the hard component. We shall show that great caution is 
required in interpreting the results, and that in many cases the exclusion of 
the soft component by these methods is much less than has been supposed. 
Finally we shall describe a new experimental arrangement which makes the 
maximum use of the shower producing property of the soft component for 
distinguishing it from the hard component. 
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1. Theoretical Results on the End of a Shower 


We begin by considering the behaviour, as described by the cascade 
theory, of the soft component in passing through a slab of some heavy 
maicrial. We take as the basis of our further calculations the results of 
Bhabha and Chakrabarty (1942, 1943 referred to in this paper as B and 
A respectively) who have taken collision loss into account accurately in 
the calculation of the cascade process. Even for particles whose energy 
is much below the critical energy their figures are accurate to within 
thirty per cent. and for higher energies the accuracy is much greater. It 
has been shown in the papers mentioned above that the accuracy of other 
calculations of the cascade process is much less than this. As usual, the 
calculations can be applied to all substances if lengths in the substance are 
measured in terms of radiation units, and energics are measured in terms of 
the critical energy. The critical energy is the mcan energy lost by an clectron 
by collision alone in travelling a distance of one radiation unit. It is denoted 
by 8. The figures to be taken for the units of length and the critical energies 
in different substances are given in Table I of A. In lead, for example, the 
unit of length is 0-525 cm., and the critical energy is 6-93 MeV. In air 
the critical energy is 103 MeV. 

Consider a block of some substance, say lead, of thickness t measured in 
terms of the radiation unit. Then an electron of energy E=e« 8 entering 
the block vertically from above, say, produces on the average N (e, #) particles 
which emerge from the bottom face of the biock. N (e, ¢) includes particles 
both above and below the critical energy, and its values are given in Table III 
of B. We shall particularly require the values of N, on the one hand at the 
end of a shower, that is at thicknesses so large that the cascade has been 
practically absorbed so that N is less than or of the order one, and on the 
other hand at thicknesses of 2 to 4 units where N is a maximum. It was 


shown in B that . 
eal} pm . 
o, ) p—At+¢ (5, Oe ti $” (s, 0 (1) 


N(¢,)= sre 


¢ (Ss, t)= log 


y= loge, 
G = log g(s, 2). 


2 = \— log (s~ 1) = (6-1) G, Q) 


D is constant and A and yw are functions of s only while g and hence 
¢ are functions of only s and ¢. These funciions are defined and tabulated 
in A. A dash denotes differentiation with respect to s. For any given 
values of y and ¢ the value of s has to be taken at the saddle point 
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defined. by 
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and is only a function of s and ¢. The energy « of the shower producing 
electron only appears in these expressions in the first terms on the right-hand 
sides of (1) and (3). (4) is independent of y or «. 
We now investigate the value of « or y which produces at a given 
thickness ¢ a given number of a’ N’, say. By (1) we must have 
A 
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In addition there is the usual relation (3) between y, ¢ and s which must 
always be satisfied. Subtracting (5) from (3) we get 
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+3G=p log 27 {— A" t+ ¢" (s, t)}+ =0 (6) 
This equation does not contain y, and determines the value of s as a function 
of t which satisfies the required condition. On substituting this value of s 
into either (3) or (5) we get the required value of y which produces N’ 
particles on the average at’a thickness t. The equation (6) can be solved 
quite easily numerically by using the tables given in A. It appears that the 
value of s varies very slowly as a function of 7, and for all t between 4 and 
30 it has roughly the fairly constant value 2-90 for N between 1 and 1/10, 
and the value 3-30 for N between 1/10 and 1/100. (See note added in 
proof.) 


In particular, it is of importance to know the values of e such that the 
number of particles is just 1, or conversely, the depth ¢t at which the number 
of particles N falls to 1 for a given «. This depth ¢ may be called the pene- 
tration range of a shower produced by an electron of energy «. Putting 
N’= 1 in (5) we get 
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¢ and the last term of (7) vary slowly with t, so that the main variation with 
t is determined by the first term on the right of (7). For s = 2-80 the value 
of A/(s — 1) is 0-265. Actually, the calculations which were carried out in 
B show that for all ¢ between 4 and 30 N =1 when 


log «= 0°283 t+ 1-94, (8) 


this formula being far more accurate (to within 2%) than the degree of 
accuracy of the cascade calculations. This shows that the last two terms in 
(7) in effect change the coefficient of t from 0-265 to 0-283. Formula (8) 
expresses to a high degree of accuracy the penetration range of a shower 
produced by an electron of energy «. The values of « for different values 
of ¢ calculated from formula (8) are given in the second row of Table I. The 
corresponding values of E in lead are given by the third row. 


TABLE I 





4 10 15 30 





oof aera 117-9 192°7 1998 3-39 x 104 
Ein MeV. ..| 1-50x10? 8-24x 10? 3-40 x 10° 1-40 x 10# 2:36 x 106 


Bair\** 
(22) 0-50 0-020 0-0013 0-00009 











Bpbe 











On comparing (7) with (8) we see that to a good approx.:mation we can 
write (1) in the form 
N (<, )= (fe)! (9) 


for N < 1, where 
—0-283 r—1-94 —0-123 :—0-80 
fe ; =10 , (10) 
and r =s—1. The remarks we have made above show that we can take 
r =1+8 with considerable accuracy for N lying between 1 and 1/10 and 
r = 2-00 for N between 1/10 and 1/100. 


In applying the theory to the interpretation of experiments it is 
essential to take fluctuations into account. It has been shown by Euler 
(1938) that at the end of a shower and at the maximum the fluctuations are 
given by a Poisson distribution as originally assumed by Bhabha and Heitler 
(1937). The probability that in any given case n particles appear from the 
bottom of the lead block when the mean number is N is 

N _. 1 

on 5 (11) 

The sum of this expression over all integral values of 1 from 0 to co is 1 as 
it should be. The probability that by a fluctuation no particle appears from 
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the bottom of the plate is therefore e~%, and the probability that one or more 
particles appear is 


l1—e, (12) 


Electrons of different energies fall on top of the plate, and we assume 
that the number whose energy is greater than E is given by 


j (5): (13) 


where J and k are constants, whose values do not concern us here. For the 
soft component produced by cascade processes in the atmosphere directly 
connected with the primary radiation incident at the top a = 1-90 according 
to Euler and Heisenberg (1938) or 1-87 according to Blackett while 
for the soft component in air at sea level, which is mainly due to the decay 
of mesons, the coefficient a is roughly 2-9 according to Euler and Heisenberg. 
If there is only air above the plate, then the spectrum (13) would hold down 
to particles of the critical energy in air, i.e., 103 MeV. Below this critical 
energy the spectrum would be flatter and reach some finite value as E—>0. 
It has been shown in B that at the maximum of the cascade the ratio of 
the number above the critical energy to the total number is 0-8/1-8, 
while at greater thicknesses this number is somewhat less. Our results do 
not depend critically on the value of a. 


The number of electrons of energy greater than E which impinges ver- 
tically on the plate and produces one or more particles at the bottom is then, 
according to (12) and (13), 


co 


Jake f (1 _e-N(E, ')) =. : (14) 


This would be the contribution of the particles of the soft component with 
energies greater than E to coincidences in a vertical counter telescope with 
an absorber of thickness t between the counters. Since for large N the 
second factor in (14) is in any case negligibly small, we can with quite suffi- 
cient accuracy introduce (9) in (14). We then get 


Ja A Sf (1 “") ae (15) 


“Gy; fe eke 
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Dividing this by (13) we get p(E, t) the fraction of the number of electrons 
of energy greater than E which produces a coincidence through a slab of 
thickness t, namely 





P(E, = ¢ (fe J q-—) (16) 
(fe)” ¥ 


On integrating by parts twice we get, for ar 


p(E, t)=1- ae _-——— (fe"} 


a—?r 


~ efor — r(2—2)f1—w (2-7, (’)} (17 a) 


a—?r 





where W is the incomplete gamma function defined by 
(fey 


1 ~a te 
w (2--, (fe’” ) = ——_- eu "& (18) 
aay 
r °o 
and is tabulated.* For a =r we get for (15) 
p(,)= ee | - = (175) 


(fey 
The integral in the last term is just the logarithmic integral — Ei(- ( fey’), 
which has also been tabulated. For (fe)” <1 (17 a) and (175) reduce to 


a 


ga Fo — ; (fo (2-4) + rma "+ 0 FQ” (19.0) 








and 
(fo (1 — log » (3+ F(— I)" Ge, (fo (198) 


respectively. y is the Euler-Mascheroni constant so that log y =0-577. 
In deducing (19 5) from (17 5) use has been made of the well-known relation 





. ee i 
log y= f ! = dx — — dx (20) 
0 1 


(19 5) is of course the limiting form of (19 a) when r—»a. The figures for 
p(E, t) for different values of (f¢)” are given in the sccond and third rows of 
Table II for r =a =1-90 and r = 1-90, a =2-90 as an indication. 





* See for example, Jahnke-Emde, Tables of Functions, 
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The probability that one electron should emerge from the bottom of 
a plate when the average number is N is Ne-® according to (11). The 
fraction of the number of electrons with energy greater than E which produces 
only one particle in passing through a plate of thickness ¢ is got by replacing 
1 —e-™ by Ne-® in (15) and is 
co 
ps (EB, = 2 (f* f - (21) 
(fe)? ; 
This gives just 


a r —(fey¥ a ~ a 
Ps (EB, -—— , ~——ee r(2-%) 


{i-w(2-2,(4)} Qa) 
for r=&a and 


co 


p(B, = (fe J e* ®__ (fe Bi (- (fe) (22.4) 
e)f 


x 
( 

forr =a. In the case (fe)’ <1 (22 a) and (22 d) reduce to 

*_ {(fyr- (fo* F(2-5)} + (fe + (23 a) 


a—r 2r—a 


and 





— (fo log y (fo + F(— 19" G— YP (235) 


respectively. The figures for p, (E, ¢) are given in the fourth and fifth rows 
of Table II for different values of (fe)” andr =a = 1-9 and r = 1-90, 
a = 2-90 respectively. 


The probabilities that two or more particles are produced under the 
same conditions are got by subtracting the figures of the fourth row from 
those of the second. 


In applying the formule developed above to the total soft component, 
we may take E = 103 MeV, the critical energy in air below which the spec- 
trum (13) gets flattened out due to the collision loss suffered by the electrons 
in air. It has been shown in B that the number of electrons above the 
critical energy due to the cascade process is roughly half the total number 
of electrons. Thus to get the fraction of the total number of electrons 
which behave in the particular manner under considerations one has to 
divide the figures of Table II by roughly two. For E = 103 MeV, « = 14:9, 
and the first four values of (f «)” given in Table I correspond to t = 20, 15, 
10 and 4 respectively. Thus, the percentage of the total soft component 
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at the maximum of the atmospheric absorption curve which produces a 
coincidence in a vertical counter telescope through 10-5, 7-9, 5-3 and 2+] 
cm. of lead is approximately -05, 0-5, 5 and 36 respectively. Since the 
total intensity of the electronic component is four times the intensity of the 
hard component at the maximum of the atmospheric absorption curve, the 
errors in the count where the different thickness of lead absorbed mentioned 
above are used for cutting out the:soft component are 0-2, 2, 20 and 144 


per cent. respectively. 
TABLE II 





( fe)’ oe ..| 0-00011 +0016 
pie, t)fora=r .. Pr 0-001 ‘011 
P(e, t) for a=2°9, r=1°9..| 0-0003 -004 
Pp; (e, t)fora=r.. ..| 0-001 “009 
Py (e, t) for a=2°9, r=1°9 0-00031 * 0044 














At sea level most of the soft component in air is due to the decay of 
mesons, and its spectrum is then of the form (13) with aw 2-9, as men- 
tioned above. The figures for the corresponding processes at sea level are 
then given by the third and fifth rows of Table II. 


If fluctuations were negligible then the fraction of the number of 
electrons with energy greater than 103 MeV, which impinge vertically on a 


lead plate of thickness ¢ and produce a coincidence would be just 
(Bair! ®5€)* with € given by the second row of Table I for an incident spectrum 
of the form (13). The corresponding figures are given in the fourth row 
of Table I for a = 1-90. These figures are to be compared with the first 
four figures in the second row of Table II. We see that the effect of 
fluctuations increases the number of electrons which apparently penetrate 
a given absorber ten fold for the larger thicknesses. 


2. A New Experimental Arrangement for Excluding the Electronic 
Component 


In this section we shall describe an arrangement which makes a much 
more effective use of cascade multiplication for excluding the electronic 
component. This arrangement was devised especially for measuring the 
penetrating component in stratospheric balloon flights, where it is necessary 
to cut down the weight of the absorber to a minimum. It is also particularly 
useful in all those experiments in which it is desired to exclude high energy 
electrons. 


The essence of the method consists in splitting a given thickness ¢ of 
absorber into two parts, of thicknesses t, and ¢t—4,, respectively, and 
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introducing a set of counters in anticoincidence between the two. The 
arrangement is indicated in Fig. 1. A represents schematically either a single 
counter or a set of counters in parallel. So does B. Between the two 
plates a number of counters are put side by side and connected alter- 
nately in parallel to form two independent counter trays C and D. It will 

















be shown now that if the sets A, B and C or A, B and D are put in coinci- 
dence with C and D always in anticoincidence then the soft component is 
cut out to a high degree and we get a measurement of the penetrating 
component. The size of the counters in the trays C and D and the geometry 
of the whole arrangement, as for exampie, the distance of these trays from the 
upper absorber /, is determined by the condition that any shower produced 
in ¢, by an electron travelling in the direction AB shall have the maximum 
chance of operating both the sets C and D, i.e., that at least one particle of 
the shower shall pass through one of the counters of the set C, and at least 
one other through one of the counters of the set at D. This condition 
operates as follows. The particles in a shower emanating from the plate ¢, 
whose axis lies in the direction AB lie mainly within a cone whose half angle 
is of the order of 40° as estimated by Bhabha and Heitler, and within this 
cone the shower particles are scattered roughly at random, with some 
concentration towards the middle. This cone cuts the plane in which the 
counters of the sets C, D lie in approximately a circle. Then the required 
condition is satisfied if, first, the area of this circle is completely covered by 
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counters of the sets C and D, and secondly half the area is covered by 
counters of the set C and the other half by counters of the set D. In these 
circumstances the probability that a shower of n particles should have all 
its particles pass through counters of one of the sets C or D, but none 
through any counter of the other set is approximately (4)*"1. This is the 
probability that a shower of 7 particles does not: produce a coincidence 
between C and D. 


Now consider an electron of energy E= Se which operates the counter 
A and impinges on the plate 4. It produces on the average a shower of 
N (ce, ¢,) particles at the bottom of the plate. The probability that in any 
given case the shower contains ” particles is given by (11), and the proba- 
bility that this shower does not produce a coincidence is got by multiplying 
this by 2-**4. Hence, the total probability that the particle which enters 
the top of the plate ¢, actuates at least one of the set of counters C or D, but 
not both is Q(N (t,)) where 


co 7% 
Q (NG »)) es z e-Nth) ss a = 2 (eb NH) _ @ NH), (24) 


This expression is small compared with 1 for large N, and has the maximum 
value 4 for N=log, 4. This same particle of energy E produces at the 
bottom of the second plate on the average N (e, ¢) particles, and the proba- 
bility that one or more particles should appear at the bottom is given by 
(12). Hence, the total probability P (¢) that an electron of energy E passing 
through the counter A should produce a coincidence in the counters AB 
and actuate only one of the sets C or D is got by multiplying (12) by (24) 
and is 

P (c)= 2 (et MEE) — e- NUE 4) (] — @-N(Es4)), (25) 


The expression (25) is the probability for an electron of energy E being 
counted as a hard particle. For a given total thickness t of absorber, ¢, 
must be chosen so as to make (25) a minimum particularly for the low 
values of « which are just sufficient to produce a coincidence through the 
total thickness t of absorber. As shown in B (eq. 30), for a given value of « 
the maximum number of particles occurs at a thickness fg given by 


te = 1°01 log « — 1-92. (26) 


Comparing this with the thickness given by (8) at which the average number 
of particles falls to one, we see that ¢, must be about a quarter of ¢. In 
Table III we give the figures for t= 10 and two values of t, equa! to 2 and 4 
respectively. The values of N(e, ¢) in the fourth and seventh columns of 








th 
gr 
ti\ 
en 


so 


> — Pr 


—_— «- 


7.7 = a — ~ 








Electronic and Non-Electvonic Components of Cosmic Radiation 33 


the table have been obtained from the figures given in Table Lil of B by 
graphical interpolation. It is clear that the smaller value of f, is more effec- 
tive in cutting out the soft componeni since at the smaller thickness the lower 
energies produce more particles and Q (N (t,)) is thus smaller. For 
higher energies the values of N (¢,) are so large for cither thickness that the 
soft component is cut out to a high degree in both cases. For ¢, = 2, 














TABLE III 
| 42 | sce Incident 

E spectrum (13) 
in “4 N (e, t=10)| 1—e-*¢="™)]| N(e,t,) | Q(N (2) | P( |] Ne, 4) | QING) | P(e) | (K/ED** 
eV. 

1 <0-03 -03 2-3 -43 -013 ren x. 1 

2 ~0-08 -08 4 +23 -018 2 +44 -034 *13 

36} ~0-3 +28 6 -095 *027 4°6 “18 *05 -024 

8 1 +63 9 *022 -014 10 -013 -008 -0024 

2 ~5 1-00 15 -0011 -0011)} ~26 0 0 *00017 



































the figures in the sixth column show that the maximum value of P is less than 
‘03, so that whatever the form of the spectrum the percentage of the 
electronic component which could at most be counted as hard particle is 
3%, while for t, =4 it could at most be 5% as shown by the figures in 
the ninth column. The actual fraction of electrons of energy above E in 
an incident spectrum of the type (13) which pass for hard particles is 


a Ent f PO pert (27) 


Eo 

This expression cannot be evaluated analytically since there is no simple 
analytic expression for N(e, 4%) like the one given in (9) for N (e, #). 
However, it can be evaluated numerically without much difficulty. The 
form of the incident differential spectrum is given for a=1-9 in the 
last column of Table III normalised to unity for E = 10%e-V. We find that 
for t, =2 the fraction of the number of particles above 10%e-V. which is 
recorded as a penetrating particle is about 2%. This figure is to be compared 
with the figure of 10% given in Table II for the same thickness, of lead, 
namely 5cm., but without the anticoincidence device. 


For greater thicknesses of absorber, say tf = 15 or 20, the effectiveness 
of the anti-coincidence arrangement is enormously increased, for then the 
number of particles produced at the thickness 4, by a primary electron 
whose energy is high enough for the cascade initiated by it to penetrate the 
thickness ¢ is ‘much larger, and consequently Q (N(¢)) is very much 
smaller. Our method differs from previous arrangements in the anti- 
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coincidence device being put not at the bottom of the whole absorber, 
but after that fraction of it at which the number of particles in the cascade 
is a maximum. 


In stratosphere balloon flights for measuring the vertical intensity of 
the hard component it is necessary to increase the effective area of a 
counter set without increasing the solid angle. In this case each of the 
counters denoted symbolically by A and B in Fig. 1 usually consist of a 
number of counters in parallel having a total area ‘a’ say. The counter sets 
C and D with counters of each set alternating as in Fig. 1 can then be made 
to cover the same area ‘a’ together, each set covering an area a/2. Since 
a triple coincidence arrangement is much better in minimising the cffect of 
side showers, while at the same time it is not desirable to halve the total 
number of counts by putting one of the sets C or D always in coincidence 
with A and B, the other set being always in anticoincidences, the following 
arrangement makes the most effective use of the absorber sent up for 
excluding the soft component. The circuits are wired to record coincidences 
in the sets A, B and C or A, B and D, but not those in which C and D both 
register a count simultaneously. The details of the experimental arrange- 
ments and the circuits will be communicated by my collaborators in another 


paper. 


Mesons also produce electron showers either by the knock-on-process 
or by the emission of a quantum of radiation. None of these processes 
depends critically on the energy of the meson. There are also processes in 
which a meson can produce several energetic mesons in one act. A meson 
which is accompanied by any of these processes would of course be elimi- 
nated by the anticoincidence arrangement. But since the probability of a 
meson being accompanied by a number of charged particles in the neighbour- 
hood of the anticoincidence counters is very much smaller than the chance 
of an electron producing a cascade, their effect is only to make the count 
of the penetrating particles by the above method a few per cent. less than the 
aciual number. 


There is however one important application of the experimental arrange- 
ment described above to the study of mesons. Since a meson is an unstable 
particle, .every meson which comes near the end of its range must either 
decay or be absorbed by a nucleus. In the former case the decay electron 
produces a cascade. In the latter case the nucleus is excited by an amount 
of energy approximately equal to the rest energy of the meson, leading to pro- 
cesses in which several high energy electrons, protons or heavier fragments 
may be emitted. The result is that every meson which comes to the end of its 
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range produces in general several high energy charged particles, and the 
effect of these is to smear the apparent range of a meson as measured by 
absorption in heavy material with counters in coincidence. For example, 
even if a mono-energetic band of mesons existed, then there would not be 
a sharp drop in the coincidence count after an absorber thickness equivalent 
to their range had been added, due to the effects mentioned above. If, how- 
ever, the anticoincidence arrangement described above is used then these 
effects are cut out and it would be possible to study much more accurately 
the range spectrum of cosmic ray mesons. 


Summary 


A formula for the depth of the penetration of a cascade as a function 
of the energy of the primary electron is given based on the calculations of 
Bhabha and Chakrabarty. A simple formula for the end of a shower is 
also given. It is shown that fluctuation plays an important part in deter- 
mining the ability of an electron to operate two counters separated by a 
given thickness of absorber and increases the number of such electrons ten- 
fold for thick absorbers. Formule are given for the number of electrons 
which enter an absorber of thickness ¢ and result in one or more particles 
emerging from the other side of the absorber. 


A new experimental arrangement is described which makes a much 
more effective use of the cascade process for separating the electrons from 
the penetrating particles. This arrangement is suitable for measuring the 
penetrating component in high altitude balloon flights, and for studying 
the range spectrum of cosmic ray mesons. 
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Note added in proof—At my request Mr. S. K. Chakrabarty has 
calculated more accurately the values of s satisfying equation (6) for given 
values of N and ¢ on the basis of the tables given in A. His results are 
given in the following table :— 
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Values of s satisfying equation (6) 
(Calculated by Chakrabarty) 








2°92 2-92 
0-1 sit 3-04 
0°01 3-33 3°18 




















We see that for N#& 1 s has the almost constant value 2-9 for ¢ lying between 
4 and 30. For N lying between 0-1 and 0-01 the values of s lie between 
3-0 and 3-4 for ¢ between 10 and 30. 
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7. Introduction 


It is comparatively simple enough to distinguish between ionising particles 
of electronic and of heavier mass in the Wilson Chamber as long as the 
energy of the particles is not too high. In experiments with Geiger coun- 
ters however, there is no direct and simple way for identification of the type 
of the particles, and so far the criterion of penetrability has been the one 
most widely used for differentiation of the two main components of cosmic 
radiation. Bhabha! has however pointed out how it is necessary to use 
7-9 cm. of lead in order that all but 2% of the electronic component can 
be stopped. This naturally puts a limit to the minimum energy of the 
meson component that is measured. When therefore we try to measure the 
meson component by filtering out the soft electronic component with 
7:9 cm. of lead, we measure in fact only mesons with energy greater than 
1:3 x 10% e.v. It is known however that there are mesons of less energy in 
the cosmic ray spectrum. According to Blackett,* all particles with energy 
less than 2 x 108 e.v. behave like electrons in their energy loss, but Ander- 
son and Neddermeyer? find penetrating particles with less energy and have 
pointed out that Blackett’s figure should be actually only 1-1 x 108 e.v. 
Williams* has investigated the low energy spectrum, but has not made 
observations on the energy loss, and takes Blackett’s observations to con- 
clude that all the particles that he investigated in the low energy region were 
of electronic mass. More recently Bostick® has found evidence for slow 
mesons in a Wilson Chamber at 14,000 ft., and it is becoming increasingly 
clear that slow mesons are present in the cosmic ray spectrum. Rossi and 
Griesen® estimate that the slow mesons which get absorbed by 15 cm. of 
lead form 7% of the total meson intensity at an altitude of 850 ft., but may 
be as high as 27% at 14,100 ft. The results of Schein ef al.” also point to 
the fact that the intensity of slow mesons increases rapidly with altitude. 


Of late, the problem of knowing the correct proportion of electrons 
and mesons in the atmosphere at various altitudes has attracted a great 
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deal of attention. Auger® and Griesen® have utilised accurate absorption 
experiments with lead and iron absorbers in order to get an estimate of not 
only the electron (soft) component, but also the meson (hard) component, 
In order to arrive at the slow meson component which he finds to be about 
8%, Griesen has to make correction for what he calls the “ Collision and 
Shower Effects”. The estimation of the latter is perhaps the only weak 
link in an otherwise beautiful analysis. Stimulated by the idea of Bhabha 
to utilise the generation of secondaries of the soft component in order to 
exclude it, the author has tried out a new experimental arrangement for 
obtaining the intensity of slow mesons. The importance of this method 
lies not so much in reducing the weight of lead for measuring the meson 
intensity in balloon experiments, or in the exclusion of high energy electrons 
as in bringing for the first time the slow mesons in the field of direct experi- 
mental measurements. 


2. Method of Shower Antiecoincidences 


It has been found experimentally that a good proportion of the 
electrons measured by a cosmic ray telescope are already associated in the 
atmosphere with other ionising particles. The number so associated can be 
increased by placing in the apparatus a block of lead of thickness correspond- 
ing to the observed maximum of the Rossi curve. In order to exclude the 
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Fic. 1. (a) Showing the arrangement of Jesse et al. 
(6) Showing the experimental arrangement used for measuring shower anti-coincidences. 


electrons, we can then devise an arrangement whereby the arrival of the 
associated particle can be cancelled by an anti-coincidence arrangement, and 
keep just so much additional lead underneath to absorb low energy electrons 
which might emerge from the top lead unaccompanied by other shower particles. 
In fact Schien, Jesse and Wollan™ have utilised the phenomenon of shower 
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production for making sure that the electron component was not greatly 
affecting the meson intensity that they measured in their balloon experiments 
with varying amounts of lead used to filter out the soft component. They 
measured events in which counters on the sides registered a particle associat- 
ed with the penetrating particle in the main cone, as shown in Fig. 1 (a). 
Such an arrangement with the side counters working in anti-coincidence 
was initially suggested by Bhabha, but while on the basis of Auger’s results, 
the atmospheric showers on account of their large spread will be probably 
quite well detected by this arrangement, the showers generated in the lead 
above may not be registered equally well on account of their small spread. In 
order to increase the efficiency of detection of both the atmospheric showers 
and those generated in the lead, it is desirable not to exclude the area of the 
main cone of measured radiation for the registering of the showers. This, 
however, cannot be accomplished by the use of the usual anti-coincidence 
arrangement, and a circuit is now devised whereby it is possible to tackle 
the main cone by placing two sets of counters in and adjoining the cone of 
the measured radiation (Fig. 1 5) and arranging matters so that only a 
coincidence between these two sets will cancel the event. This arrangement 
is simpler than the one now mentioned by Bhabha! and when used with 
quadruple coincidences would ensure that side showers do not vitiate the 
result. The circuit used for measuring the shower anti-coincidences is shown 
in Fig. 2. The two sets of anti-counters are connected in a Rossi coin- 
cidence arrangement with their mixer tube serving the dual role of a shower 
discriminator and a pulse reverser feeding the shower anti-pulse to the main 
coincidence circuit. Even though this means that the anti-pulse is fed through 
two stages as against the one stage for the main coincidence pulse, it is 
possible to attain an efficiency of 100% in the registration of shower anti- 
coincidences. The efficiency was measured in the following way: 
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Fig. 2. Basic circuit used for measuring shower anti-coincidences. All tubes are Marconi Z21 
and details are omitted. 
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An array of 4 counters A, B, C, D comprised a vertical telescope. The 
two end counters A, D were smaller both in length and diameter than the 
two middle counters B, C of the telescope. This ensures that every particle 
coming in the main cone determined by A, B will pass through the sensi- 
tive volumes of counters B, C. The double coincidences AD and the quad- 
ruple coincidences ABCD were measured. The difference in these two 
rates should be due to the effect of side showers and the inefficiency of 
counters B and C. This should equal the shower anti-coincidence rate AD 
-—(BC) where the two centre counters are connected individually to the shower 
anti-coincidence tubes. The agreement of these counting rates was within 
a statistical accuracy of 1%. In order to see whether the feeding of one 
anti-pulse had any effect on the efficiency of registration of the main anti- 
coincidence rate AD, it was compared with the counting rate AD-(C ) and 
the rate AD-( B) wherein the anti-pulse was fed to only one of the shower 
coincidence tubes. No effect falling outside the statistical accuracy of the 
measurements was found. 


The circuit for the measurement of shower anti-coincidences is now 
being utilised for an accurate study of the intensity of slow mesons, and 
the results will be communicated later. However, a preliminary test has 
been made at various altitudes in Kashmere during August and September 
1943, and the results of this preliminary survey are presented below. 


3. Preliminary Survey of Meson Intensity at Various 
Altitudes in Kashmere 


In August 1943, an expedition was undertaken to Kashmere in order to 
find suitable locations where high altitude cosmic ray experiments could 
be performed. Though at that time the work on the experiment for measur- 
ing the slow meson intensity by the method of shower anti-coincidences 
had not progressed very far, it was decided to conduct that experiment at 
various altitudes in Kashmere to give a preliminary idea of both the working 
of the method of shower anti-coincidences and of the experimental technique 
involved in carrying out experiments on high peaks of the Himalayas. The 
most suitable period during which ascents can be undertaken to altitudes 
higher than 12,000 feet is from the middle of August to the middle of Sep-' 
tember. This consideration made it imperative to undertake the expedition 
in spite of the fact that the ideal experimental conditions for the method 
of shower anti-coincidences had not then been fully worked out. 


A completely battery operated unit for registering fourfold coinci- 
dences along with shower anti-coincidences was set up. Marconi Z21 
tubes were used for the amplifier on account of their low filament current 
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drain, and the mechanical: recorder was operated by a type 31 tube in the 
final stage. The B supply was furnished by a Stabilovolt regulator tube 
fed from a Vibrapack operated from one of two 6 volt accumulators taken 
with the expedition. The accumulators were charged at the location 
of the experiment by means of a petrol generator set which was carried to 
all altitudes except the highest. The high voltage for the counters was 
obtained from a small unit of dry cells made up of Eveready type 712 cells 
connected in series. The counters were operated 50 volts above threshold 
potential and were all well within the flat portion of their plateau. The 
counters were mounted on a portable wooden stand, and the exact geometrical 
arrangement is shown in Fig. | (6). It was found that within the main cone 
the efficiency of registering showers was greater with narrow counters than 
with counters of large diameter, but that outside the main cone the larger the 
sensitive volume used, the larger was the measured shower effect. The 
counters comprising the shower detecting tray were therefore of two diameters. 
The top counter I of the telescope measuring the vertical intensity was of 
smaller length than the others in order to ensure that the area of the block C 
included in the main cone was smaller than the area of the shower detecting 
tray. Electrons arriving along the boundary of the main cone will thus have 
a greater chance of being cut out by the showers they would generate in C. 


The experiment was attempted at 5 different altitudes 'n Kashmere. 
It was first tried near Gangabal at Tronkhal (11,000 ft.) and then at Cosmic 
Ray point (13,900 ft.). Good consistent results were obtained at both these 
locations. It was then attempted at Srinagar (5,200 ft.) and, in order to 
obtain a check on the Gangabal results, at Gulmarg (8,900 ft.) and near 
Alpathar (12,800 ft.). Unfortunately, the Srinagar results were not satis- 
factory, and it was not possible to repeat them for want of time. At 
Alpathar, the shower anti-coincidence arrangement did not work on account 
of what was later detected to be the failure of one of the Z21 tubes. How- 
ever, the total cosmic ray intensity was measured and has been used as a 
check on the other points. While all the experiments at Kashmere were carried 
out at geo-magnetic latitude 25° N., the experiment has been repeated at 
Bangalore (3,000 ft.) at geo-magnetic latitude 3° N. The latitude effect does 
not permit us to compare directly the results at Bangalore with those of 
Kashmere, but the Bangalore results serve to illustrate the working of the 
method of shower anti-coincidences. 


At each location, the following counting rates were measured. 
Double coincidences I IV and shower anti-coincidences I IV-(II III) were 
measured with (1) no lead, (2) lead block C, (27-7 gm./cm.?) placed above 
the shower detecting counters at X, (3) lead block C, at X and lead 
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block B, (27-4 gm./cm.*) under the shower detecting counters at Y and (4) ; 
lead block C, at X and lead blocks B, and A, (26-5 gm./cm.*) at Y. The 
double coincidence rate II III was also measured without any lead in the $4. 
. . . . - s 
apparatus to register the intensity of atmospheric showers. The object of i 
placing C at X was to increase the showers associated with the soft com- i 
° . . . © Sre-- 
ponent, and varying amount of lead was placed at Y in order to investigate 3 
the absorption of the total intensity as measured by coincidences I IV and & 4 
the meson intensity as measured by coincidences I IV-(II III). The experi- | 
mental values of the intensity determined with the various arrangements . 
at different altitudes are given in Table I. 
TABLE I 
Coincidence _ _— . _ | P. iil 
Counting Il tmos- 
Rates | 72¥ |-aqrum} 2 2Y |-qru) YY |-aqm = 2V —(II 1) | pheric 
per minute showers 
Lead Blocks Ce | Ce | Ce+By|Ce+By |Ce+By+Ay (Ce+By+Ay 
Bangalore | 2°876| 2-738 | 2-526] 2-341] 2-282| 2-168 2-129 2-074 | 29-05 
3,000 ft. +-035| +-037 |+-031| +-029 | +-089 | +-043 | +-033 +035 | +:47 
Gulmarg 4-61 | 4-03 | 3-65 | 2-93 | 3-01 | 2-74 2-66 2-39 52-40 
8,900 ft. +:10 | 4°17 |+-17]| +-:16 +°15 +11 +:10 +-06 41-54 
Tronkhal 5+24 4:-40| 4:00 | 3-89 | 3-66 3-69 3-28 66-6 
11,000 ft. |+-14 4°15] 4-15 | 4-18 | +-18 +°10 +08 |+1-2 
Alpathar 5-93 
12,800 ft. |+-16 
Cosmic Ray | 6-54 5-82 | 4:58 | 5-03 | 4-41 4-10 4-02 78-4 
Point ++20 +24] +-18 | 4-20 | +-18 ++17 £°17 [42-7 
13,900 ft. | os as a ue ne we ne Pe 
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The absorption curves are shown in Fig. 3 for the different altitudes. 
These curves clearly exhibit that as the electron intensity gets absorbed with 
increasing lead, the difference between the rates IIV and I IV-(II III) steadily 
diminishes. The forms of the two curves are also different; for while the 
slope of the curve I IV appears to increase with diminishing thickness of 
lead, the slope of the curve I IV-(II III) seems to vary in the opposite direc- 
tion. On theoretical grounds of decay the curve for the meson intensity 
should become horizontal for-zero thickness of lead absorber, and we have 
here a striking demonstration of the fact that the intensity measured by 
shower anti-coincidences refers mainly to mesons only. While we are not 
justified in taking the value I IV-(II III) without lead as giving the meson 
intensity for no lead, because the efficiency of excluding electrons by their 
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Fic. 3. Graphs showing for various altitudes the absorption by lead of the total intensity given 
by the counting rates IIV (continuous curves) and the meson intensity given by 
the counting rates I IV-(II III) (broken curves). 
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Fic. 4. Graphs showing intensity altitude curves for 
(1) Atmospheric shower rate II III, 
(2) Total intensity I IV, and 
(3) Meson intensity as measured by IIV-(II III) with lead C, and Cy+By+Ay. 
The Bangalore results have been plotted but are not directly comparable. 


showers might be low without the lead block C, we can roughly extrapolate 
the shower anti-coincidence curve to zero thickness. It is then found that 
the percentage of mesons in the total cosmic ray intensity diminishes from 
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79% at 3,000 ft. to a value of 64% at 13,900 ft; but large error may be 
involved in both these estimates. At the same time however, the percentage 
of slow mesons in the total meson intensity appears to increase from 11% 
to about 18%. 


The variation of the various counting rates with altitude is plotted in 
Fig. 4. The variation of the atmospheric shower rate is also given for 
comparison on the same graph. It is seen that while the total intensity 
I IV varies in a manner similar to the variation of the atmospheric shower 
intensity, the meson intensity as measured by the shower anti-coincidences 
has a flatter slope. The accuracy of the results is not such as to definitely 
conclude that the variation of the hard and soft components is very different 
in the region of the atmosphere investigated, but there seems to be little 
doubt that above 10,000 ft. the total intensity starts to rise more rapidly 
than the meson intensity. This is indeed in agreement with the results of 
Jesse et al. 

4. Discussion 

Judged by the preliminary results obtained at Kashmere, the method 
of shower anti-coincidences appears to be fairly satisfactory in giving the 
meson intensity. The Kashmere readings however suffered from one serious 
drawback in that only double coincidences were measured with and without 
shower anti-coincidences. The contribution of side showers to double 
coincidences can be quite appreciable, as demonstrated by Greisen and 
Nereson.4 This contribution would depend among other things on the 
separation of the two counters measuring the double coincidence rate. In 
the experiment performed at Bangalore for determining the efficiency of 
registering shower anti-coincidences, the maximum contribution due to side 
showers came to 13% of the double coincidence rate assuming 100% efficiency 
for the two middle counters. The separation of the counters A and D was 
in that experiment only 14 cm., while the separation of counters I and IV 
in the Kashmere and Bangalore series was 43 cm. Another point which 
should be considered before judging the accuracy of the Kashmere results 
is that while the Kashmere results were obtained with the apparatus in a 
small tent, the Bangalore experiment was performed in a tiled roof build- 
ing where the ceiling was about 30 ft. above the apparatus. Taking all these 
into account, it appears that the contribution of side showers could not te 
greater than 10% of the double coincidence rate I IV without lead absorbers. 
The effect of side showers would be independent of the amount of lead 
placed within the apparatus, and would therefore adversely affect the operation 
of the shower anti-coincidence arrangement in detecting mesons. This 
is because the percentage increase due to side showers in the meson intensity 
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would be greater than in the total intensity and this would tend to increase 
the proportion of mesons. 


The Kashmere results can be improved upon by placing a lesser thick- 
ness of lead at X than was actually used. The thickness of lead necessary 
for the maximum of the Rossi curve obtained from triple coincidences 
I II III would obviously be the ideal thickness to use. It comes to about 
1-5cm. Apart from being most effective in cutting out showers, it will also 
lower the low energy limit for the measurement of mesons. A further point 
that emerges is to test the absorption of the meson intensity as measured by 
shower anti-coincidences in the region of smaller thicknesses of lead 
absorber in the position Y. An accurate experiment is now in progress 
where quadruple coincidences are measured along with shower anti-coinci- 
dences and a much greater statistical accuracy is aimed at. The results will 
be shortly published in another communication. 


The main defect of the method of shower anti-coincidences for 
measuring the meson intensity lies in the fact that multiple penetrat- 
ing particles that are sometimes observed in a Wilson Chamber are also 
liable to be cut out. In addition, it is possible that knock-on electrons 
accompanying the mesons might prevent them from being measured. 
Both these effects would be more pronounced for high energy mesons 
and may not affect appreciably the intensity of slow mesons. The result 
of this might be to increase the measured proportion of slow mesons to the 
total number of mesons. The last and the most obvious possibility of error 
arises from electrons which may not produce large enough showers so as to 
be cut out by the shower anti-coincidence arrangement. With the help 
of a more accurate determination of the meson absorption curve, it is hoped 
that it would be possible to estimate the errors due to these causes. 


One point that emerges from a comparison of the results at Bangalore 
and Kashmere is that at Bangalore there is a considerable hardening of the 
radiation. This is clearly seen in Fig. 4 showing the variation of the inten- 
sity with altitude, where the Bangalore values are also plotted. Probably 
the hardening is due to the latitude effect, but some of it might be attributed 
to causes connected with the different. experimental environment at 
Bangalore. This hardening if confirmed by subsequent more accurate experi- 
ments would throw light on interesting questions regarding the origin of the 
meson component; but it would be too premature to draw any conclusions at 
present. Another point of interest in the altitude intensity curves is the ten- 
dency of the meson intensity curves to become flat with increasing altitude. 


Here too, little weight can be attached on account of the fact that there are 
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only three points from which the shape of the curve can be judged. How- 
ever, all these questions indicate the necessity of performing the experiment 
with greater accuracy and under more rigorous conditions at various altitudes 
and at different latitudes. This will be shortly undertaken. 


It is a pleasure to acknowledge the support and assistance of 
Prof. Sir C. V. Raman and helpful discussions with Prof. Bhabha. The 
Kashmere expedition would not have been possible but for the willing help 
given by the State Officials and friends, and in particular the Prime Minister 
Sir Haksar, The Governor Pandit Dar, Col. Sir R. N. Chopra, and Maj, 
Haddow. I am grateful to Mrinalini Sarabhai, Gira Sarabhai, Gautam 
Sarabhai, Pandit Tikkalal, Dr. Dayal Singh and B. V. A. Iyer who helped 
during the expedition at Kashmere. 


5. Summary 


A new method of measuring the meson intensity by registering shower 
anti-coincidences is described. Its special merit lies in bringing for the first 
time under the field of direct experimental measurements, the slow mesons 
which are usually cut out in experiments where lead absorbers are used to 
filter out the soft electron component. The preliminary results obtained 
with this arrangement at altitudes up to 13,900 ft. in Kashmere are reported. 


Absorption curves for the meson and the total intensity at various altitudes 
as well as the altitude intensity curves for the total and the meson component 
have been given. Improvements in the technique by using fourfold instead of 
twofold coincidences for measuring the vertical intensity, and the use of 
optimum thickness of lead for generating the maximum number of showers 
are suggested. 


Some special points of interest which emerge from the altitude intensity 
curves for mesons have been pointed out, and the need for more accurate 
measurement is indicated to decide the issues. 
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TYNDALL’ seems to have been the first to take note of the blue colour and 
the polarised character of the light scattered by gold sol. Lord Rayleigh? 
developed the theory of the scattering of light by colloidal solutions and 
his equation is of considerable importance for the study of colloidal parti- 
cles. Mardles* has studied the changes with temperature of the Tyndall- 
number (i.e., the ratio of the intensity of the light scattered by sols and gels to 
that of some standard) of sols and gels of cellulose acetate in benzyl alcohol 
during the reversible sol-gel transformation by visual photometry. His 
results show that the Tyndall-number depends on the mechanical treatment. 
and the rate of gelation. Further it varies with temperature and the concen- 
tration of cellulose acetate. The Tyndall-number—temperature curves 
reveal the existence of a maximum which decreases with the rise of tempera- 
ture. 


Kraemer and co-workers‘ made a detailed quantitative study of the 
Tyndall intensity of gelatin solutions and found that the intensity of scatter- 
ed light increased enormously within a narrow range of pH near the isoelec- 
tric point. The influence of pH on the intensity of the light scattered by 
casein solutions has been studied by Holweda'. 


Krishnamurthi® has measured the intensity and depolarisation of the 
scattered light during the sol-gel transition of agar-agar and gelatin, using 
unpolarised incident light. His results point to the existence of a maximum 
gelation temperature. Further he finds that there is practically no change 
in Tyndall-number with time at or above 40° C., but at or below 35° C., it 
increases with time until a constant value is reached, and that the particles 
in the gel state are bigger and/or greater than in the sol state. It has been 
remarked in his paper that the variations in the intensity of scattered light 
are due to changes in the particle size and number alone, while the changes 
in the depolarisation factors are due to changes in the shape of the particles. 
He has not made any calculations from the observed total intensity of scatter- 
ing, the scattering due to anisotropy, size and number separately. 
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D. S. Subba Ramiah’ and R. S. Krishnan® have shown that in order to 
obtain information regarding the size and shape of the particles in the colloi- 
dal state it is not sufficient to measure the intensity and depolarisation 
of the scattered light, using unpolarised light alone. They suggest that it is 
necessary to obtain the values of depolarisation factors for the light scattered 
transversely by a colloidal system with incident light unpolarised, (p,) 
vertically polarised (p,), and horizontally polarised (p,). 


Accordingly D. S. Subba Ramiah’ has measured the values of py, p,, 
and p, for (1) sulphur suspensions in water, (2) castor oil emulsions in 
water, (3) arsenic sulphide sol in water, and (4) casein solutions in water, 
at various pH values, and has shown how the inter-comparison of the values 
of these three quantities furnishes more information regarding the size and 
anisotropy of shape and/or structure of the particles than the measurement 
of only one of the three quantities. 


The application of the measurements of p,, pz and p, has been extended 
by K. Subba Ramiah® to the study of protein solutions. He has also studied 
the changes in intensity and p,, pz and p, during the setting of silicic acid, 
stearic acid and sodium stearate gels. He finds that in the case of silicic 
acid gels (1) there is a continuous increase in the micellar size during gelation 
and this increase continues even after the gel has set, though at a small rate; 
(2) the micelles have almost complete spherical symmetry at a stage prior 
to gel-formation; and (3) in the case of rapidly setting systems the micelles 
show greater departure from sphericity. As judged from the high polarisa- 
tion of the transversely scattered light when the electric vector of the incident 
polarised light is along the direction of propagation of the incident light, 
the particles in these gels have a large size even at the earliest stage of 
formation. This result makes the correlation of the scattering data obtain- 
ed by him with the particle constants, in the course of gel-formation, very 
complicated. 


Recently Prasad and Gogate™ have investigated the opacity changes 
during the setting of inorganic gels by an improved apparatus designed by 
them. Desai and Guruswamy?? have continued this investigation to more 
inorganic gels using Prasad and Gogate’s apparatus. It has been pointed 
out by the above-mentioned authors that the changes in number, size, dis- 
tribution, arrangement, etc., of the micelles of the gel, contribute to the 
observed changes in opacity. In the present investigation, the intensity and 
depolarisation factors (p,, pz and p,) of the light scattered transversely by 
thorium molybdate gels have been studied and an attempt has been made 
to separate the scattering due to anisotropy and size, 
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Experimental 
1. Intensity measurements 


The intensity of light scattered transversely by the gel-forming mixture 
was studied by allowing the scattered light to fall on a photocell. The 
current from the photocell was amplified by a valve bridge circuit and 
measured by a suitably shunted Moll galvanometer. The circuit employed for 
amplification is essentially the same as that developed by Ananthakrishnan.'* 
The principle of working consists in bringing the bridge to balance with the 
photocell in the dark. When light falls on the photocell, the photoelectric 
current flowing across the grid leak produces a small change in the grid 
potential of one valve and the balance is disturbed. The resultant current 
is a measure of the light falling on the photocell. 


Testing the linearity of the photocell unit—To test the linearity of the 
photocell unit the following method was employed. The photocell was 
completely covered with a black paper and a slit (8 x 8 mm.) was cut on 
the paper in front of the vane of the photocell. A Hefner’s standard lamp 
was placed at different distances (d) from the photocell and the correspond- 
ing deflections of the galvanometer (D) were noted. Care was taken to place 
the lamp such that the slit on the photocell and the flame were in the hori- 
zontal plane and the rays falling on the photocell were normal to its 
surface. The results obtained are shown in Table I. The constant value of 
D x d? excepting at higher intensities shows that the response by the photo- 
cell unit is linear within the range of intensity of scattering investigated. 
Even the deviations from linearity at higher intensities are not great and a 
correction has been applied to the deflections obtained at these intensities 
from the D—1/d? graph. 








TABLE I 
Distance of the lamp from Deflections of the Dxd? 
the photocell (d) galvanometer (D) 

cm. cm. 

100 4-3 4°30 x 104 
90 5°5 4-45 x 10# 
80 6-9 4°42 x 10# 
70 8-7 4-26 x 104 
60 12-0 4-32x 10 
50 16-7 4-17x10# 
40 23-6 3-78 x 10# 











The optical arrangement.—Light from a pointolite lamp A (Fig. 1) was 
condensed on the gel-forming mixture contained in a-rectangular ‘glass cell 
C (4” x 2-5” x 0:9") by means of a long focal length lens L (f = 30 cm.). 
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The track of the beam of light in the glass cell was very nearly parallel in 
the neighbourhood of the focus, to which of course, the observations were 
confined. 


Precautions were taken to reduce the effect of secondary scattering 
to a minimum by using as thin an incident beam as possible (a few mm.) 
and also by measuring the intensity of the scattered light near the place 
where the incident beam entered and without too long a passage through 
the scattering medium. In the present experiment the observation slit was 
7x4mm., and it was 7 and 3mm. away from the place where the 
incident beam entered the glass cell. 


The glass cell C was kept in a hollow wooden box painted black with a 
groove cut for the glass cell C. The glass cell was painted black except for 
three openings two for the entry and exit of the incident beam of light and a 
third for the admission of the scattered light into the photocell. This latter 
aperture was rectangular (7 x 4 mm.) and was exactly opposite to the focus 
of the track in the gel-forming mixture. The wooden box with the glass cell 
was fixed in another big box, which was painted black inside. Light entered 
the second box through a slit in one of its sides. 


The photocell unit was placed at a distance of 6 cm. from the centre 
of the focus of the incident beam. The divergent nature of the scattered 
light has been pointed out by Ananthakrishnan.1* To eliminate errors due 
to this and to measure the intensity of scattering exactly at right angles to 
the incident track, a slit having the same width as the observation slit of the 
glass cell C was permanently fixed between the photocell and the scattering 
window. 


When there was no glass cell in the wooden box, the galvanometer 
showed zero deflection with or without the incident light, showing thereby 
that the galvanometer deflections are exclusively due to the light scattered by 
the gel-forming mixture with time. 


Estimate of the absolute intensity of light scattered by gels—The inten- 
sity of scattered light has been expressed in arbitrary units, namely, in terms 
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of the deflections of the galvanometer in cm. A rough estimate of this 
arbitrary unit has been made. It has been found that 1 cm. of the galvano- 
meter deflection is approximately equal to five times the intensity of scatter- 
ing in benzene under the conditions of the experiment. 


2. Depolarisation measurements 


The depolarisation factor of the light scattered transversely by the gel- 
forming mixture was determined by the well-known Cornu’s method. The 
experimental arrangement was as follows. The light from a carbon arc 
was condensed by a long focal length lens (f/f = 30 cms.) on a rectangular 
glass cell (4" x 2-5” x 0-9") containing the gel-forming mixture. A mount- 
ed Nicol Prism served to get plane polarised light, polarised in any desired 
plane. The cell was painted black excepting for three slits, two for the 
incident light to pass through and a third for observation. Precautions 
were taken to eliminate parasitic light. The depolarisation factor is 
expressed as percentage and is = tan? @ x 100 where 20@ is the angle 
between the two positions of the Nicol for which there is equality of 
illumination. The aperture of the lens was reduced when p, measurements 
were taken. 


R. S. Krishnan™ has pointed out that in emulsions and protein soluticns 
in which the scattering is very intense, the secondary scattering has a 
marked influence on the depolarisation factors. The values of py, pg and 
Py in general, are enhanced due to the presence of secondary scattering in 
solutions. He has also pointed out that the effect of secondary scattering 
could be eliminated by illuminating the colloidal solutions by means of a 
very narrow pencil of light and measuring the depolarisation factors by 
the Cornu’s method. Although the scattering of the gels investigated, 
excepting in the initial stages, is not so intense as in emulsions and 
protein solutions, a pencil of light as thin as possible (a few mm.) was 
emploved. 


R. S. Krishnan has studied the dispersion of depolarisation as well as 
the extinction coefficient of a number of colloids for incident light of different 
wavelengths. In a series of papers entitled ‘dispersion of depolarisation 
of light scattering in colloids’* he has shown the importance of making 
comparative studies of p,, pz and p, at different wavelengths. In the case 
of the gels studied in this investigation the size of the particles, as shown 
later, is less than the wavelength of light and hence the depolarisation of the 
light scattered transversely will not show any marked dependence upon the 
wavelength of the incident light. This has been of great advantage in the 
present measurements since white light could be used as the source, for which 
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the intensity of scattering is large and hence the accuracy of measure- 
ments is greater. 


Convergence error——There has been considerable divergence of views 
regarding the existence of this error. The convergence error is of very great 
importance only when we are dealing with depolarisation factors which 
are relatively small as are met with in gases (cf. Ananthakrishnan"). 


3. Preparation of gels 


Thorium molybdate gels were prepared by the method of Prakash and 
Dhar,!* and the following solutions were employed:—(1) 6% solution of 
thorium nitrate Th (NO,;) 4-4,H,O. (A); (2) 10% solution of potassium 
molybdate (B). It was found that if the two solutions were mixed a 
precipitate is obtained which disappears in a few seconds and results in an 
opaque mixture which clears up during setting and after some time sets 
to a nearly transparent gel. 


In order to prepare the gels different volumes of (A) and (B) were taken 
in two different test-tubes and the volume in each of the test-tubes was made 
to 25 c.c. by the addition of distilled water; thus the total volume of the gel- 
forming mixture was 50 c.c. The two solutions were mixed and the changes 
in the intensity and depolarisation factors with time were measured. 


The course of gelation is greatly modified by the presence of non- 


electrolytes (cf. Prasad, Mehta and Desai).1”7 Hence the influence of the 
non-electrolytes on gelation was also investigated. 


4. Results 


The results obtained with gels prepared by mixing different amounts 
of A and B are shown in Tables II to VIII, in which T represents the time in 
minutes. The amount of thorium molybdate in the gel has been calculated 
from the equation: 


Th (NO,), + 2K,MoO,—>Th (MoO,), +4 KNO, 


and is given on the top of the tables. The amount of thorium nitrate 
remaining unreacted is shown as excess of thorium nitrate in the tables. 
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TABLE Ii 


A = 25c.c. = 1°21 g. of thorium nitrate 
B= Sc.c. =0-5g. of potassium molybdate 
The amount of thorium molybdate formed = 0-58 g. 



































The excess of thorium nitrate present = 0-71 g. 

T Observations Pov Ph Pu Tin cm. 

1 An opaque sol. The scattered 

light is red in colour ‘ 26:5 
2 * we an 25-0 
3 Opacity decreases .. oF 84-0 me 84-0 23°5 
4 se ve ne 22-0 
5 89 17-2 
6 Scattered light is white in 
colour . + 76-0 os 12-4 
7 a 78-0 9°5 
8 66-0 = - 7°3 

10 32-0 73 63-0 6°4 

12 . oa He 6:0 

15 Viscous a <4 28-3 oa 52°8 5-9 

20 Nearly set a - 25-9 67 52-8 5-9 

30 Set to a gel es od 25-9 67 52:8 5-9 

TABLE III 
A = 25c.c. = 1°21 g. of thorium nitrate 
= 4c.c. =0-4g. of potassium molybdate 
The amount of thorium molybdate formed = 0-52 g. 
The excess of thorium nitrate present = 0-76 g. 

T Observations Po Ph Pu I in cm. 
1 = 21:5 
2 An opaque sol... wa 74-0 18-9 
3 od ae 15-6 
4 am 73-0 9-8 
5 ms 89 <a 4-8 
6 nF oe oe 3-6 
7 33-3 is: 49-0 3-4 
8 ay = ad 3-2 

10 18-9 78 33-3 2:9 

15 12-6 oe ce 2°8 

20 Ss ee 29:5 2-7 

30 Very viscous as ee 11-9 a 29-5 2°6 

45 Set to a gel oe oe 11-9 78 29-5 2°6 
































TABLE IV 
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A = 25c.c. = 1:21 g. of thorium nitrate 
B = 3c.c. = 0-3g. of pctassium molybdate 
The amount of thorium molybdate formed = 0-35 g. 
































































The excess of thorium nitrate present = 0-91 g. 

yy Observations Py Ph Pu Tin cm. 
1 Opaque sol ave ~F 17°3 
2 aps ais rsa a! 14°4 
3 66-0 ae Fe 7-4 
4 aes wn 30-7 2°9 
5 23-8 90 ae 2°2 
6 rs oe 18-0 2-0 
8 10-6 ’ os 1-9 

10 8-2 ia . 16-3 1-8 

15 7-2 80 14-7 1-8 

40 7-2 80 14-0 1-8 

90 Set to a gel 7-2 70 14-0 1-8 

TABLE V 
A = 20c.c. = 0°91 g. of thorium nitrate 
B= 3c.c.=0:3 g. of potassium molybdate 
The amount of thorium molybdate formed = 0-35 g. 
The excess of thorium nitrate present = 0-61 g. 

i Observations Pv Ph Pu lin cm. 
1 An opaque sol as 17-7 
2 ei ws 15-5 
3 68-0 ae 14-5 
4 os ie 84-0 13-0 
5 61-0 87 as 10-8 
6 os Ls “id 7:0 
7 40-6 76-0 3-3 
8 a Pas ata 2:0 
10 19-6 79 49-0 1-8 

15 10-6 oe 20-8 1-8 

20 Viscous ” ne 20-8 1-8 

9 |. 9-9 67 20-8 1-8 

The gel sets in about three hours 9-9 67 20-8 1-8 
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TABLE VI 


A = 25c.c. = 1-21 g. of thorium nitrate 

B= Sec. =0°5 g. of potassium molybdate 
HCI(iIN) =1:-0 c.c. 

The amount of thorium molybdate formed (assuming 
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that HCI exercises no solvent action) = 0-58 g. 
The excess of thorium nitrate present = 0-71 g. 

T Observations Po Ph Pu Tin cm. 
1 An opaque sol os 17-4 
2 so a 9-9 
3 Opacity decreases .. 51-0 68-0 6-7 
4 30-7 = 58-9 5-6 
5 ee 85 Pie 5-2 
6 23-8 ie 49-0 4°7 
8 ia <a 4-4 

10 20-8 45-5 4-2 

15 Set to a gel a sy 19-8 40-6 4-0 

20 19-8 a 37°6 3-5 

30 19-8 70 37°6 3-5 

| 
TABLE VII 

A = 25c.c. = 1-21 g. of thorium nitrate 
B= Sc. =90:5 g. of potassium molybdate 
HCI(1N) =3:-0 c.c. 
The amount of thorium molybdate formed (assuming 

that HCI exercises no solvent action) = 0-58 g. 
The excess of thorium nitrate present = 0-71 g. 

B Observations Pv Ph Pu I in cm. 

1 An opaque sol. The opacity 

decreases rapidly aa sn Sa 1-7 
3 23-8 ae 45-5 0-9 
5 12-5 85 30-7 0-8 
7 Set to a gel 9-9 ats 23-8 ole 

10 9-3 21-8 aie 

15 9-3 <2 20-8 0-7 

30 9-3 78 20-8 0-7 
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TABLE VIII 


A=25c.c. = 1:21. of thorium nitrate 

B= 3cc. = 0:3 g. of potassium molybdate 
Ethyl alcohol = 10-0 c.c. 

The amount of thorium molybdate formed = 0-35 g. 
The excess of thorium nitrate present = 0-91 g. 





bar | 


Observations Py 





Opaque sol ua 

Opacity decreases .. ott 
51-0 
18-9 


13-3 
12:5 
The sol is viscous . . ef 11-9 
Nearly set ae Pi 11-9 
Set to a gel =e ae 11-9 


iJ 
tt tes bt tae eat 2 142 GR GHP fa? 
PARHUOCRIDNOCE 




















Discussion of the Results 
1. Changes of the intensity and the depolarisation factors during setting 


It will be seen from Tables II to VIII that the values of p, are very high 
and they decrease during setting and then reach a constant value ; in some 
cases these values are very small (cf. Table IV). Any deviation from zero 
value of p, shows that the particles are anisotropic. Since the values of p, 
are very high it shows that the particles are highly anisotropic in shape 
or/and structure. During gel-formation the anisdtropy in shape or/and 
structure decreases and the gel becomes less and less anisotropic. 


The values of pg are also very high. They decrease during gelation 
and reach a constant value when the gel sets. The high value of p, indi- 
cates that the particles are not very large in comparison with the wave- 
length of light and a decrease in its value shows that the particles grow in 
size during gel-formation. Since the values of p, are very high they could 
not be accurately determined by Cornu’s method. 


The values of p, also decrease during the formation of gels. pp, is 


related to p, and p, by the relation p, =(1 + id + 2). (R.S. Krishnan.®) 
v 


The decrease in the value of p, is due to the decrease in the value of p,. 


The intensity of scattered light decreases rapidly during gel-formation, 
and reaches a constant value after some time. It is interesting to note that 
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the values of I and the depolarisation factors reach a constant value much 
before the gels set. For example, in the case of the gel prepared by mixing 
20 c.c. of thorium nitrate and 3 c.c. of potassium molybdate (Table V) the 
values of I and depolarisation factors reach a constant value in about 20 
minutes, whereas the gel sets in about three hours. 


2. The effect of different constituents of the gel-forming mixture on the rate 
of change of intensity and on the values of py, 


The effect of thorium nitrate on the formation of the gel can be seen 
from Tables II, III and IV. Increasing amounts of thorium nitrate increase 
the rate of change of the intensity of scattering and make the gel more trans- 
parent and less anisotropic. The time of setting is also increased by the 
addition of increasing amounts of thorium nitrate to the gel-forming mixture. 
Increasing amounts of HCl make the gel more transparent and less 
anisotropic, cause it to set earlier, and increase the rate of change of inten- 
sity of scattered light (Tables IJ, VI and VII). The gel formed in the 
presence of ethyl alcohol is more transparent and anisotropic (cf. Tables IV 
and VIII). 

3. Size of the particles 


The very high values of p, in the initial stages of gel-formation suggest 
that at this stage the particles are highly anisotropic. Therefore an attempt 
was made to separate the density and orientation scatterings and to study 
their changes during gel-formation. In order to do that it is essential to 
get an idea of the magnitude of the size of the gel-particles. 


The high values of p, indicate that the particles are not very large com- 
pared to the wavelength of light. An approximate idea of the magnitude 
of the size of the particles was obtained by comparing the scatterings in the 
forward and backward directions. The intensity of light scattered at 45° 
and 135° to the incident beam by the least anisotropic thorium molybdate 
gel (cf. Table IV, p,= 7-2) was compared. The following apparatus was 
employed for this purpose. The gel was prepared in a cylinder of diameter 
2:5cm. A thin beam of light was admitted through the centre of the 
cylinder. The whole cylinder was blackened excepting for 4 slits, two for 
the incident light to pass through, one at 45° and another 135° to the track 
of light. The slits at 45° and 135° were equal in area (8 x 4 mm.). The 
cylinder was kept in a small rectangular tank containing water to avoid 
errors due to the spherical nature of the cylinder. The tahk was suitably 
blackened so that the track at 45° and 135° could be clearly observed without 
parasitic light. There was not much deviation of the track. The other 
experimental details were the same as those employed for the measurement 
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of the intensity of light scattered transversely. Visual measurements show- 
ed that there was no great difference in the intensity of the two scattered 
beams. A quantitative measurement of the intensity was then made by 
keeping the photocell unit at equal distances from the two slits. All para- 
sitic lights were cut off by suitable screening. A number of readings were 
taken and it was found that the ratio of the intensities of scattering at 135° 
and at 45° was not greater than 1-5. 


If the scattering particles are very small compared with the wavelength 
of light, the scattered energy is distributed symmetrically around the scatter- 
ing particle, and it is represented by Rayleigh’s formula. Shoulejkin’™® 
has calculated the intensity of scattered light for particles of size comparable 
with the wavelength of light and his results show that if the diameter of the 
particle exceeds 1/3 A, the distribution of the scattered light is no longer 
symmetrical. At 2p ~ A/3, one notices a definite asymmetry of scattering, 
the brightness of the scattered light in the direction of the incident rays be- 
ing 2-5 times greater than in the opposite direction (the relative value of m’, 
that is, relative refractive index of the particles to that of the medium, used 
for calculation was 1-32). 


Blumer!® has studied theoretically the intensity of scattered light at 
different angles to the incident light, by perticles of different sizes having 
different relative refractive indices. In the following table (Table IX) is 
given the intensities of scattered light (i, +i.) at 45° and 135° by particles 
of different sizes. These values have been taken from his paper,’® for the 
relative refractive index of the particles and the medium equal to 1-25, which 
probably corresponds to the case of geis under investigation. The values of 
I,g5/Is5 are given in the last column of Table IX. 
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TABLE IX 

2np (i, + i,) for (i, + i,) for I 
-— 45° (I) 135°(1,) tlh 
0-01 -3769 x 10-8 -3769 x 10-38 1-00 
0-1 3730 10-7 -3749 x 10-7 1-00 
0-2 -2400 x 10-5 “2400 x 10-5 1-00 
0-3 -2727 x 10-4 -2727 x 10-4 1-00 
0-5 -6460X10-2 -9010 x 10-3 1-39 
0-6 - 1900 x 10-2 -2704 x 10-2 1-42 
1-0 -022 “1177 5-10 
1-2 -0373 -2763 7-4 
2-0 -0100 1-9874 198-00 











Tt will be seen from the above table that the value of the intensity at 
135°/the intensity at 45° is one for the particles whose value of a does not 
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exceed 0-3, that is, the diameter of the particles is not greater than about 
*3/7A=0-1A. If the diameter of the particles is greater than this, a definite 
asymmetry of scattering sets in, and I,3, becomes many times greater than Ig. 
The values of I,35/I,, obtained in this experiment was not greater than !-5. 
It has to be remembered that no special precautions were taken to remove 
dust particles, etc., from the different solutions used and so this may contri- 
bute to more backward scattering. Even if the value of I,35/I4, for this 
gel is taken as 1-5, it can be seen from Table IX that the diameter of the 
particles is much less than -8/7 A, that is, about $A. The gel particles are 
highly hydrated and therefore the actual size of the particles may be greater 
than 4A. But this increase in size cannot be determined by the above method 
as hydration cannot produce any direct change in the intensity of 
scattered light because there is no difference in refractive index between the 
water that is attached to the micelles and the “free” waiter. 


Thus it will appear both from the values of p, and from the comparison 
of intensities in the backward and forward directions that the size of the 
particles even after the gel has set is less than the wavelength of light. 


Another evidence for the smallness of the size of the particles is obtain- 
ed from the microscopic examination of the gel. The smallest particles that 
can be seen through a microscope”? at its best magnification have a diameter 
of about I/2000 mm. or 5000 x 10-*cm. Since the microscopic examination 
does not reveal the identity of individual gel particles, this can be taken as 
a further evidence to show that the diameter of the gel particles is less than 
the wavelength of light. 


For the purpose of discussion of results it has been presumed that all 
the gel particles are of the same size and shape. 


4. Separation of the density scattering and orientation scattering 


The total intensity of light scattered by a transparent ‘ homogeneous ” 
medium consisting of optically anisotropic particles whose linear dimensions 
are small in comparison with the wavelength of light is the sum of two types 
of scattering, namely, (i) density scattering Ip and (ii) Orientation or 
anisotropy scattering I,. 


The density scattering Ip is due to local inhomogeneities that are produc- 
ed in the medium by the thermal agitation of the particles in it. It will be 
greater, the larger the compressibility of the medium and can therefore 
assume very large values in the neighbourhood of the critical temperature 
where the compressibility becomes very large. 
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The anisotropy or orientation scattering I, arises from the fact that the 
moment induced by the incident electric vector in an anisotropic particle is 
not in general parallel to the direction of the electric vector. Detailed 
calculations have been made by Cabannes* and Ramanathan* on the in- 
tensity of scattering due to orientation of anisotropic particles in homo- 
geneous transparent media and they find that the effect of fluctuations in 


. . , ‘ 6p .. 
orientation would be to increase the total scattering to : . Tp times the den- 





sity scattering alone. In this expression p denotes the ratio of the weak 
component to the strong component in the partially polarized light that 
would be scattered in a direction transverse to the direction of propagation 
of the incident light in the medium, the incident light being unpolarised. 


The foregoing discussions refer to a stationary medium at constant tem- 
perature. In the case of gels the number, size and shape of the particles 
vary with time during the process of gel-formation. Therefore a detailed 
study of the orientation and density scattering at various stages of gel-forma- 
tion will enable one to follow closely the progressive changes in the number, 
size and shape of the particles. 

From the measurement of the total intensity and depolarisation factor 
of the scattered light using unpolarised incident light, the component of 
scattering due to fluctuations in density and that due to fluctuations in the 
orientation of the scattering particles can be separately calculated as follows: 


Let I be the total scattering observed. It is equal to Ip +I, where Ip is 





: ‘ _ 1/6 + 6p 6 —7p 
given by the relation Ip= lig—y or I x 6 + 6p 
ae o-—m 13p 

Hence, I, = I—(I x ees bp) X% + > 


The changes in the orientation scattering indicate the changes in the 
shape and structure of the particles taking place during gelation. 

The density scattering is directly proportional to the number of particles 
and the square of the volume of the particles, provided the size of the 
particles is less than the wavelength of light (Rayleigh*). Under standard 
and fixed conditions Ip is given by 

Ip = KNV?......0- (i) where all the constants are included in K. 
If C is the amount of matter in the colloidal state, then C = NVo where o 
is the density of the substance in the colloidal state and is a constant. 


Eliminating N between the two equations, we obtain 
Ip = KCV/o ........ (ii) 
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Therefore if the changes in I, are measured in the case of a system under- 
going gelation, they would represent the changes in the volume of the indi- 
vidual particles taking place during this process, provided the condition 
regarding the size of the particles in the Rayleigh’s equation is satisfied by 
the system at all stages of gel-formation. It has been established already 
that the size of the particles even after the gel has set, is less than the wave- 


length of light. ‘ 
On eliminating V between the first two equations we obtain: 
Ip = C*K/No* ........ (iii) 


Therefore the reciprocal of the changes in the value of Ip during gelation 
would represent the changes in the number of the scattering particles taking 
place during gel-formation. 


The values of Ip were calculated in the case of a gel system containing 
A =25 and B = 5:0 (of. Table II). This choice was made because, in this 
case, the rate of change of I with time is the slowest. This would avoid 
any errors creeping in on account of the rapid changes of I with time. Fur- 





ther for the sake of accuracy the values of I and ~ + 5 have not been taken 


from the data in Table II but from the smoothened curve drawn between I 
: te against time; the values of these factors are given in Table X. 


ay: 6 — 7p bat 13p 
The calculated values of Ip =I xX 6 + 6p and I, =I x E+& are shown 


and 











in columns 4 and 5 of Table X. 











TABLE X 
oa Volume of the 
Time in 6+ 6p A Density Anisotropy Particles in 
minutes 6—7p lin cm. scattering . scattering relation to the 
IL, A volume after 
gelation 

3 92-0 23°5 0-26 23-2 0-18 

4 50-0 22-0 0-44 21-6 0-30 

5 32:0 17-2 0-54 16-7 0-37 

7 13-7 9-5 0-69 8-8 0-47 

10 6-2 6°4 1-03 5-4 0-70 

12 5-0 6:0 1-20 4°8 0-81 

15 4:0 5-9 1-48 4:4 1-00 

20 4:0 5°9 1-48 4:4 1-00 




















(a) Changes in the anisotropy scattering during gelation.—It will be scen 
from Table X that in the early stages of gel-formation I, predominates over 
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Ip. The anisotropy scattering decreases rapidly during gelation and it is this 
scattering that decides the final observed changes of the total intensity of 
scattering which also decreases during gel-formation. 


(b) Changes in the density scattering during gelation.—\t is very inter- 
esting to note that although the total scattering decreases during gelation, 
the density scattering Ip increases during gel-formation. The increase of 
Ip during gelation points out that an increase in volume and a decrease in the 
number of particles take place during gel-formation. This is analogous 
to coagulation. Hence this gives an independent evidence to support the 
view that gelation is a special type of coagulation. 


(c) Changes in the volume of the individual particles during gel-forma- 
tion.—If Iz is the density scattering at the final stage of gelation and Ip at 
any other stage, then from equation (ii) Ip/Iz = V/V,, where V and V; are 
the corresponding volumes at the two stages. If Vy is assumed to be unity 
then V = Ip/I}. 

These values of V at different stages of gelation have been calculated in 
the case of gels corresponding to Table II and the data obtained are shown 
in the last column of Table X. It will be seen that the volume of the indivi- 
dual particles increases during gelation and reaches a constant value when 
the gel is set. The volume of the particles in the gel state is about six times 
of that at the commencement of the gelation process. 


(d) Comparative volume of the gel particles, in gels under different 
conditions of formation—An attempt has been made to compare the final 
volume of the gel particles, in the gels formed under different conditions. 
The results are shown in Table XI. The third column gives the concentra- 
tion of the gel (the amount of thorium molybdate per litre) corresponding 


TABLE XI 





Amount of Concentra- . Relative The amount 
ane ny thorium tion of ba of excess of 
ponding molybdate thorium thorium 


table No. formed molybdate of Ip nitrate 





1-48 
1-32 
1-32 
1-13 




















to table numbers given in column 1 of Table XI. The final values of 
the density scattering which is proportional to CV is shown in column 4. 
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The numbers in column 5 is a measure of the comparative volume of the 
particles obtained by dividing the numbers in column 4 by the concen- 
tration of thorium molybdate expressed in grams per litre and expressing 
these values relative to the volume of the particles of the gel corresponding 
to Table II. In the last column is given the excess of thorium nitrate, etc., 
present which may exert an influence on the volume of the particles. — 


The results show that there are only little changes in the final volumes 
of the particles in the gels formed under different conditions. The relation 
between size and the excess of thorium nitrate present are not marked, due 
probably to other factors like the amount of potassium nitrate, etc., present 
in the gel-forming system. 


(e) The mechanism of the formation of the gel——From the results obtain- 
ed the following can be inferred regarding the process of the formation of 
thorium molybdate gel. When thorium nitrate and potassium molybdate 
solutions are mixed, a precipitate of thorium molybdate is formed which is 
peptised in a few seconds by thorium nitrate (an excess of thorium nitrate is 
always necessary for gel-formation in this case) to a highly anisotropic (high 
Pp) Opaque thorium molybdate sol. This opaque sol can be prepared if 
necessary -by diluting the product obtained by mixing the two solutions. 
The high value of p, and p, may be due to the high anisotropy in shape or/ 
and structure of the sol particles. The sol then gets coagulated and so there 
is an increase in the volume and a decrease in the number of scattering 
particles during gel-formation. The volume of the coagulated particles is 
less than the wavelength of light. During gelation the anisotropy scattering 
decreases and this is due to the decrease in shape or/and structure of the 
particles taking place during the formation of the gel. The gel is not set 
when the coagulation is complete, that is, when the values of I become con- 
stant. The coagulum now takes up plenty of water and the gel particles 
become heavily hydrated. This process does not produce any change in 
the intensity of scattered light for reasons explained before. Probably at 
this stage great changes in viscosity take place and after a time the whole 
system sets to a gel. 


<— . in 1 1 
5. Applicability of the relation p, = (142) (145 


The applicability of the relation connecting p,, pz and p, theoretically 
deduced by R. S. Krishnan® has been examined in the case of the gels studied 
in this investigation by comparing the observed values of p, with those cal- 
culated from the above relation using the final values of p, and p,, that is, 
the values at the completion of the gelation process. The results are given 
in Table XII. 
















Mata Prasad and S. Guruswamy 


TABLE XII 





Final observed values of 


Gel corres- , 
ponding to 
table No. Ph py py (obs.) Pu (cal.) 











II 25-9 52:8 51-2 
Il 78 11-9 29:5 24:3 
IV 70 7-2 14-0 16°3 
"7 67 9-9 20-8 22-5 
vw | 70 19-8 37:6 40-1 
vo 78 9-3 20-8 19-4 


Considering the difficulties in the accurate determination of the high values 
of p, by Cornu’s method, it can be inferred that Krishnan’s relation holds 
good for the gel investigated. 











Summary and Conclusions 


The changes in the intensity and depolarisation factors of the light 
transversely scattered by thorium molybdate gels have been investigated. 
The intensity of scattered light has been measured by a photoelectric 
arrangement with an amplifying unit. The depolarisation factors (p,, p, 
and p,) have been measured by the well-known Cornu’s method using a 
double image prism and Nicol. 


It has been shown from the measurements of p, and a comparison of 
the backward and forward scatterings that the size of the particles even 
after the gel has set is smaller than the wavelength of light. An approximate 
estimate of the size of the particles of thorium molybdate gels has been made 
by comparing the light scattered at 45° and 135° to the direction of the inci- 
dent light. It has been shown that the size of the particles is about $ A. It 
has been pointed out that hydration produces no change in scattering and so 
the actual size of the gel particles may be greater than } A. 


Since the size of the particles is smaller than the wavelength of light, 
the density scattering Ip and the anisotropy scattering I, have been separately 
calculated from the total intensity of scattering and their changes during gela- 
tion studied. It has been found that the density scattering increases dur- 
ing gel-formation. This increase is due to an increase in the volume and a 
decrease in the number of particles during gel-formation. This is analogous 
to coagulation. It has therefore been inferred that gelation is a coagulation 
and hydration phenomenon. 


The study of the anisotropy scattering has led to interesting results. In 
the early stages of gel-formation, the anisotropy scattering is very many times 
greater than the density scattering, in other words, it dominates over the 
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density scattering. The anisotropy scattering decreases rapidly during gela- 
tion and it is this scattering that decides the final observed changes in the 
intensity of scattered light. Thus the total intensity of scattered light decreases 
although the density scattering increases during the formation of the gel. 


A comparison of the final volume of the gel particles of the same gel 
formed by mixing different amounts of the gel-forming constitutents shows 
that there are no great changes in the final volumes of the gel particles in 
the gels formed under different conditions of gel-formation. 


It has been found that the relation connecting p,, p, and p,, theoretically 
deduced by R. S. Krishnan holds good for the gel investigated. 


The process of formation and the effect of different constituents of the gel- 
forming mixture on the course of gel-formation have been discussed in detail. 


One of the authors (S. G.) is grateful to Pioneer Magnesia Works for 
awarding him a scholarship during the progress of this work. Our best 
thanks are due to Dr. K. R. Ramanathan, M.a., D.Sc., for the loan of a dou- 
ble image prism and Nicol used in this investigation and to Mr. D. H. 
Marathe, L.E.E.. Gr.LE.E. (London), M.LR.E., for his help in building the 
photoelectric unit. 
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IN a previous paper Prasad and Guruswamy! have investigated the changes in 
the intensity and depolarisation of the light transversely scattered by thorium 
molybdate gels during setting. In the present communication the intensity 
and depolarisation of the light transversely scattered by thorium arsenate gels 
during and after their formation have been studied. As in the case of thorium 
molybdate gels the density scattering and anisotropy scattering have been 
separately calculated from the total observed scattering and interpreted. 


Experimental 


The gels were prepared by the method of Prasad and Desai* by mix- 
ing solutions of thorium nitrate and pyro-arsenic acid of suitable concentra- 
tions. The following solutions were employed for the preparation of the gels. 


(A) Thorium nitrate Th (NO ),4H,O 6% and (B) Pyro-arsenic acid 
10%. Different volumes of (A) diluted to 25 c.c. were taken in one test-tube 
and in another were taken different volumes of (B) together with HCl or 
alcohol diluted to 25c.c. The two solutions were mixed and the values of 
the intensity of scattered light and depolarisation factors were measured 
during the process of gel-formation, by the arrangement as described in the 
previous paper. The results obtained with gels prepared with different 
amounts of (A) and (B) are given in Tables I to VII in which T represents 
time in minutes. The amount of thorium arsenate in the gel has been 
calculated from the equation: 


3Th (NO;), + 2H,O + 2H,As,0, > Th, (AsO,), + 12HNO, 


and given on the top of the Tables. The amount of thorium nitrate 
remaining unreacted is shown as excess of thorium nitrate in the Tables. 





1 Proc. Ind. Acad. Sci., 1944, 19, 47. 
2 J. Univ. Bom., 1938, 7, 132, 
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TABLE [| 


A = 25c.c. = 1°21 g. of thorium nitrate 

B= Sc.c.=0:5 g, of pyro-arsenic acid 

The amount of thorium arsenate formed = 1-03 g. 
The excess of pyro-arsenic acid present = 0-06 g. 
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TABLE II 


A=25 cc. = 1:21 g. of thorium nitrate 
B= 3-S5c.c. = 0-35 g. of pyro-arsenic acid 
The amount of thorium arsenate formed = 0-83 g. 


The excess of thorium nitrate present = 0-26g. 
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TABLE IIT 


A = 25c.c. = 1-21 g. of thorium nitrate 
B = 3c.c. = 0:3 g. of pyro-arsenic acid 


The amount of thorium arsenate formed = 0-71 g. 



























































The excess of thorium nitrate present =0-40g. 

T Observations Po Pr Pu Tin cm. 
2 7:2 13-2 0-3 
3 a ‘se 15-0 0-6 
5 8-8 90 17-2 1-0 
7 oi as 21-6 1-5 
8 Viscous as 23-8 1-8 

10 11:9 27-0 2:1 

12 Nearly set oa ae a 29-5 2:4 

15 Set to a gel = a 13-2 33-3 2°8 

20 Sr ee i 3-2 

25 The gel is opaque and firm 14-7 81 38-0 3-3 

30 14°7 81 38-0 3°4 

TABLE IV 
A=25 cc. = 1-21 g. of thorium nitrate 
B= 2:-S5ce.c.= +25 g. of pyro-arsenic acid 
The amount of thorium arsenate formed = 0-59 g. 
The excess of thorium nitrate present = 0-48 g. 

T Observations Po Pr Pu lin cm. 
9 - 7-0 0-1 
5 Viscous be es Sa 0-3 
8 Opacity increases .. sx 9-0 0-5 

15 5-8 ‘a 10-6 1-0 

20 T2 85 11-5 1-6 

25 9-9 Ke 12-5 2-3 

30 12-5 14-0 2°8 

35 Very viscous 13-2 16-3 3-1 

40 Set to a gel 14-0 ne 18-9 3-4 

60 14-0 70 19-8 3-8 

a 
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TABLE V 


A = 20c.c. = 0°91 g. of thorium nitrate 
B= 3c.c.=0:3 g. of pyro-arsenic acid 
The amount of thorium arsenate formed = 0-71 g. 
































The excess of thorium nitrate present =0-10g. 
| 

T Observations Po Ph Pu Tin cm. 
2 Ks 4:5 0-3 
5 Opacity increases .. 4:5 6-7 0-7 
8 ee - 8-8 0-9 

10 5:3 89 10-5 1-1 

12 Very viscous ¥ ns 11-9 1:2 

15 Nearly set 7:2 13-2 1-6 

20 Set to a gel 9-3 14-0 2-0 

25 10-5 14-7 2-4 

30 10-5 - 15-5 2°8 

40 10-5 75 15-5 3-0 

TABLE VI 
A = 25c.c. = 1°21 g. of thorium nitrate 
B= Scc.=0°5 g. of pyro-arsenic acid 
HCI(IN) =2:0 c.c. 
The amount of thorium arsenate formed (assuming 
that HCI exercises no solvent action) = 1-03 g. 
The excess of pyro-arsenic acid present = 0-06 g. 

T Observations Pv Ph Pu lin cm. 
1 So 0-3 
2 i 7:0 0-8 
3 Opacity increases .. ae 7-7 8-5 1-8 
4 ae oe 9-0 2°8 
5 9-3 89 10-5 3°5 
6 o os 12-0 4:1 
7 ae wa 4-4 
8 Viscous dg oa 11-9 13-5 4-7 

10 Very viscous Be ca a 18-0 5-0 

12 Nearly set es aa 14-7 ne i 5-2 

15 Set to a gel oS a 16-3 75 22-8 5-5 

20 Y a 25-9 5-8 

30 22:8 a 29-5 6-0 

45 22°8 70 29-5 6-0 
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TABLE VII 


A=25c.c. = 1-21 g. of thorium nitrate 

B= Scc. =0°5 g. of pyro-arsenic acid 

Ethyl alcohol = 5-0 c.c. 

The amount of thorium arsenate formed = 1-03 g. 
The excess of pyro-arsenic acid present = 0-06¢. 
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Discussion of the Results 


Changes in the intensity and depolarisation of the scattered light during 
setting 


The changes in the values of I and depolarisation factors during the 
gelation of thorium arsenate gels are shown in Tables I to VII. The values 
of p, increase during gelation. This is contrary to what happens in the case 
of thorium molybdate gels. The values of p, are very small when the solu- 
tions are mixed showing that the particles in the initial stages are nearly 
spherical. An increase in the value of p, shows that during gelation they 
become anisotropic in shape or/and structure. 


p, as-in the case of thorium molybdate gels has a very high value in the 
beginning and it decreases during gelation. This shows that the particles 
grow in size during gel-formation. Further the high value of p, shows that 


the size of the particles is not very large in comparison with the wavelength 
of light. 


The values of p,, increase during the formation of the gel. This is due 
to an increase in the value of p, and a decrease in the value of p,. 


The intensity of scattered light also increases during gelation. As 
observed in the case of thorium molybdate gels, the final values of I and 
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depolarisation factors in gels formed by mixing different amounts of A and 
B are different. 


Unlike thorium molybdate gels, the values of I, p,, pz and p, reach a 
constant value after or when the gel has set. In some cases, there are great 
changes in the values of I and depolarisation factors even after the gel has 
set. For example, the gel corresponding to Table I sets in about 2 minutes 
but large changes in the values of I and depolarisation factors continue to 
take place for about 20 mts. 


2. The effect of different constituents of 1 the gel-forming mixture on the rate 
of change of intensity and on the values of py. 


It will be seen from Tables II, III and IV that the time of setting is 
increased by the presence of increasing amounts of thorium nitrate in the gel- 
forming mixture. Further, the rate of change of intensity of scattered light 
is decreased and the gel becomes more transparent, as the amount of 
thorium nitrate in the gel is increased. Increasing amounts of HCI also 
increase the time of setting. The gel particles formed in the presence of 
HCl are less anisotropic (cf Tables I and VI). The opacity of the gels 
formed in the presence and absence of HCI is nearly the same. Thus the 
action of HCl on the formation of this gel appears to be different from that 
on thorium molybdate gel. The gel formed in the presence of alcohol is very 
firm. The addition of alcohol to the gel-forming mixture increases the time 
of setting (cf. Tables I and VII). Further, such an addition increases the 
final values of I, p, and p,. The high final values of I, p, and p, may be 
due to the unavoidable appearance of tiny air bubbles formed probably on 
account of the evaporation of alcohol. 


3. The size of the particles 


The high value of pz during and after gel formation indicates that the gel 
particles are not very large in comparison with the wavelength ‘of light. 


An approximate idea of the magnitude of the size of scattering particles 
in this gel has been obtained by comparing the intensity of scattered light 
in the directions 45° and 135° to the direction of the incident light, for the 
least anisotropic thorium arsenate gel (gel corresponding to Table V, Po = 
10:5).. The experimental arrangement employed for this purpose was the 
same as that used in the study of thorium molybdate gel. The results show 
that I,35/I,, is not greater than 1-5. So, the size of the particles even after 
the gel has set is not greater than 4 A (cf. Prasad and Guruswamy, loc. cit.). 
The particles of the gel are highly hydrated and so their actual size may be 
greater than } A. This increase could not be measured by this method as 
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hydration cannot produce any direct change in the intensity of scattered 
light. 


4. Separation of the density scattering and anisotropy scattering 


The separation of the density and anisotropy scattering from the total 
scattering observed has been done for the gel setting in a long time (gel 
corresponding to Table IV) by the same method as employed in the case of 
thorium molybdate gel (Prasad and Guruswamy, Joc. cit.). The results 
obtained are shown in Table VIII. 











TABLE VIII 
Volume of the 
Time in 6 + 6p oo Density Anisotropy particles in 
minutes 6—7p j scattering scattering relation to the 
final volume 
ae ae 0-1 0-09 0-01 0-04 
5 } 1-20 0-3 0-25 0-05 0-10 
8 | 1-22 0-5 0-41 0-09 0-17 
10 1-23 0-6 0-49 0-11 0-20 
15 | 1-26 1-0 0-79 0-21 0-32 
20 1-29 1-6 1-24 0-36 0-51 
25 1-32 2:3 1-74 0-56 0-71 
30 1-36 2°8 2-06 0-74 0-84 
35 1-44 3-1 2°15 0-95 0-88 
40 1-53 3°4 2-22 1-18 0-91 
60 1-56 3°8 2-44 1°36 1-00 

















The gel corresponding to Table | is very interesting. This gel is prepar- 
ed by mixing 25 c.c. of thorium nitrate and 5 c.c. of pyro-arsenic acid dilut- 
ed to 25.c.c. It sets in about 2 minutes and there are great changes in the 
values of I and depolarisation factors after it has set and these changes con- 
tinue for about 20 minutes. Therefore, for this gel also the intensities of 
scattering due to density and anisotropy have been separately calculated and 
shown in Table IX. 











TABLE IX 

Time in 6+ 6p — Density Anisotropy 
minutes 6—7p , scattering Scattering 

1 1°27 1°4 1-10 0-30 

2 1-47 3-2 2-18 1-02 

3 1-73 4-2 2-43 1-77 

4 1-97 4°8 2°43 2°37 

5 2°16 5-0 2°31 2-69 

6 2°31 5-2 2-25 2-95 

7 2°35 5-3 2°25 3-05 

8 2°62 5-4 2-06 3°34 

10 2°94 5-5 1-87 3-63 

12 3-28 5-7 1-74 3-96 

15 3-49 5-8 1-66 4-14 

20 3-49 5-8 1-66 4-14 
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(a) Variation of the anisotropy scattering during gelation——Unlike the 
case of thorium molybdate gel, the scattering due to anisotropy in this case 
increases during gel-formation. In the initial stages of gel-formation the 
anisotropy scattering is small compared with the density scattering. During 
the process of gel-formation it increases and at the final stage of gel-formation 
it contributes in comparable measure to the total observed scattering. 
This shows that the particles in the early stages of gel-formation are nearly 
spherical and they become more anisotropic in shape or/and structure as 
gelation proceeds. 


The density scattering for the gel corresponding to Table I is fairly con- 
stant soon after it sets. Later on, it decreases steadily by a small amount. 
The anisotropic scattering for this gel is less than the density scattering in the 
beginning. Later on it increases enormously after the gel has set and becomes 
about 2-5 times the density scattering, when the total intensity reaches a 
constant value. The enormous changes in the total scattering taking place 
after the gel has set are therefore due to the changes in anisotropy of shape 
or/and structure of the particles. 


(b) Variation of the density scattering during gelation—As in the case 
of thorium molybdate gels, the density scattering increases during gel-forma- 
tion (cf. Table VIII, column 4). This behaviour points out to an increase 
in the volume and a decrease in the number of particles taking place during 
gelation, thus showing that gelation is analogous to coagulation. 


(c) Changes in the volume of the individual particles during gelation.— 
As in the case of thorium molybdate gels, the values of V = Ip/Ip, that is, 
the volume of the particles during gelation in relation to the final volume 
are calculated and shown in the last column of Table VIII. It will be seen 
that the volume of the particles increases during gelation and reaches a 
constant value when the gel is set. The volume of the particles in the gel 
state is about 25 times of that at the commencement of gel-formation. 


(d) Comparison of the final volume of the gel particles—The compari- 
tive volumes of the particles in gels formed by mixing different amounts of 
(A) and (B) are shown in column 5, Table X. These data have been obtained 
by dividing the final values of the density scattering Ip by the concentration 
of thorium arsenate in grams per litre (column 3, Table X) and expressing 
these values relative to the volume of the particles of the gel corresponding 
to Table III. 
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TABLE X 





| 


Amount of Concentra- Final | Relative 
pet some thorium tion of value of volumes 
Table No arsenate thorium density of the gel 

formed arsenate scattering particles 


Excess 
of thorium 
nitrate 





g. 
2 

















| 

It will be seen from the above table that the final volumes of the parti- 
cles in the gel state change with a change in the values of (A) and (B), but 
the changes are not very great. The excess of thorium nitrate present which 
may contribute to changes in the volume of the particles is given in the last 


column of Table X. The effect of the presence of excess of thorium nitrate 
on the size is not very clear. 





(e) The mechanism of the formation of the gel.—From the results 
obtained the following can be inferred as to the process of the formation of 
the gel. When the solutions of thorium nitrate and arsenic acid are mixed, 
a colloidal solution of thorium arsenate is immediately formed. The par- 
ticles in the sol are nearly spherical (low value of p,). Later on, the sol gets 
coagulated; this is inferred from the increase in the size of the particles and 
a decrease in the number of particles during gelation. Unlike the behaviour 
of thorium molybdate gels, hydration also probably accompanies coagulation 
and the whole system sets to a gel by about the time taken for I and depola- 
risation factors to reach a constant value. The hydration of the particles 
cannot produce any change in the intensity of scattered light as there is no 
difference in refractive index between the water that is attached to the 
micelles and the “‘ free ’’ water. As the particles coagulate, they become more 
and more anisotropic (increase of anisotropic scattering during gelation). In 
this respect this gel is different from thorium molybdate, in which case, the 
anisotropy of the particles was found to decrease during gelation. From the 
above it can be seen that the time of setting is the time required for the 
coagulation of the sol of the gel-forming substance and the subsequent 
hydration of the gel particles. This time is increased by the presence of increas- 
ing amounts of thorium nitrate, HCl, and alcohol. This means that 
thorium nitrate, HCl and alcohol act as peptising agents hindering the 
coagulation and hydration. 
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5. Applicability of the relation p, = (1 a =) / (1 ob =) 
Do 


The applicability of the relation theoretically deduced by R. S. Krishnan® 
has been examined for this gel by comparing the observed values of p,, with 
those calculated from the final observed values of p, and pz, obtained at the 
completion of the gelation process. The results are shown in Table XI. 











TABLE XI 
Final observed values of 
Gel corres- 
ponding to Pu (cal.) 
Table No. Ph Pe Pu (obs.) 
I 72 30-7 49-1 56-1 
II 716 17°5 36°1 34-4 
Ill 81 14-7 38-0 28-7 
IV 70 14-0 19-8 30-1 
Vv 75 10-5 5°5 22:2 

















_ Considering the difficulties in the accurate determination of the high 
values of p, by Cornu’s method it can be inferred that Krishnan’s relation 
holds good for the gel investigated, though the agreement between the cal- 
culated and the observed values is not so good as in the case of thorium 
molybdate gels. This point is being separately investigated. 


Summary and Conclusions 


The changes in the intensity and depolarisation of the light transversely 
scattered by gel-forming mixtures of thorium arsenate gels during and after 
setting have been investigated. The intensity of scattered light has been 
measured by a photoelectric arrangement and the depolarisation factors by 
the well-known Cornu’s method. 


It has been shown from the measurements of the value of and a 
comparison of the backward and forward scatterings that the size of the gel 
particles is less than the wavelength of light. An approximate estimate of 
the size of the particles has been obtained by comparing the intensity of scat- 
tered light at 45° and 135° to the incident light. It has been shown that 
the size of the particles is about $ A. It has been pointed out that hydra- 
tion produces no change in scattering and so the actual size of the particles 
may be greater than 3A. 


Since the size of the particles is smaller than the wavelength of light the 
density scattering and anisotropy scattering have been separately calculated 





3 Proc. Ind. Acad. Sci., 1935, 1, 717, 782. 
A6a 
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from the total observed scattering and their changes during gelation studied, 
It has been found that the density scattering increases during gel-forma- 
tion, showing thereby that gelation is analogous to coagulation. 


Further, it has been found that the anisotropy scattering increases dur- 
ing gel-formation and it is smaller than the density scattering. In one case 
of thorium arsenate gel, the intensity of scattered light and the values of p, 
and p, increase enormously even after the gel has set. In this case also the 
density and the anisotropy scatterings have been separated. The results 
show that there are great changes in the anisotropy scattering after the gel 
has set and it is this scattering that contributes to the changes in the total 
intensity of scattered light taking place after the gel has set. 


The volume of the gel-particles at different intervals of time during gela- 
tion has been expressed in relation to the final volume of the particles. 
The results show that the particles increase by about 25 times during gel- 
formation. 


A comparison of the final volume of the gel-particles of the same gel 
by mixing different amounts of the gel-forming constituents shows that 
there are no great changes in the final volume of the gel particles in the gels 
formed under different conditions of gel-formation. 


The applicability of the relation p, = (1 + ~) ne + +) has been exa- 
Ph Py 


mined for this gel. It has been inferred by comparing the final observed 
and calculated values of p, that the above-mentioned equation is applicable 
to this gel to a fair extent. 


The process of formation and the effect of different constituents of the 
gel-forming mixture on the course of formation of the gel has been discussed 
in detail. 


One of the authors (S.G.) is grateful to Pioneer Magnesia Works for 
awarding him a scholarship during the progress of this work. Our best 
thanks are due to Dr. K. R. Ramanathan, M.A., D.Sc., for the loan of a 
double-image prism and nicol used in this investigation and to Mr. D. H, 
Marathe, L.E.E., Gr.1£.£. (London), M1R.£., for his help in _ building 
the photoelectric unit. 
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IN previous communications Prasad and Guruswamy’ have studied the 
changes in the intensity and depolarization of the light scattered trans- 
versely by thorium molybdate and thorium arsenate gels during and after 
setting. The present communication deals with the study of the intensity 
and depolarization of light transversely scattered by silicic acid gels during 
and after their formation. The effects of the constituents of the gel-forming 
mixture and of the addition of HCI and ethyl alcohol on these factors have 
also been studied. 
Experimental 


Silicic acid gel is the earliest known inorganic gel and this has been 
prepared by several workers usually by the action of acids, organic and inor- 
ganic, upon sodium silicate solutions. In the present investigation these 
gels were prepared by the method of Bhatnagar and Mathur? by mixing solu- 
tions of sodium silicate and ammonium acetate of suitable concentrations. 
The following solutions were used: 


(A) Sodium silicate solution 6% and (B) Ammonium acetate 20%.— 
Different volumes of (A) diluted to 25 c.c. were taken in one test-tube. In 
another were taken different volumes of (B) together with HCl, alcohol, 
etc., diluted to 25 c.c. The two solutions were mixed and the intensity 
and depolarization factors were measured at different intervals of time dur- 
ing and after setting. The experimental arrangements were the same as that 
described in earlier publications. The results are given in Tables I to IX in 
which T represents time in minutes. The amount of silicic acid in the gel 
has been calculated from the equation: 


Na,SiO; + 2NH,Ac— 2NaAc + H,SiO,; + 2NH, 


and is given on the top of the tables. The amount of sodium silicate 
Temaining unreacted is shown as excess of sodium silicate in the tables. 





1 Proc. Ind. Acad. Sci., 1944, 19, Parts I and II. 
2 Koll. Zeit., 1922, 30, 368. 
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TABLE | 


A = 25c.c. = 1°5 g. of sodium silicate 

B= Sc.c. = 1-0g. of ammonium acetate 
The amount of silicic acid formed = 0°51 g. 
The excess of sodium silicate present = 0-71 g. 
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TABLE I] 


A=25 c.c. = 1-5g. of sodium silicate 

B= 4-5c.c. = 0-9 g. of ammonium acetate 
The amount of silicic acid formed = 0-46 g. 
The excess of sodium silicate present = 0-79 g. 
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TABLE III 


A = 25c.c. =1-+5 g. of sodium silicate 
= 4c.c. = 0-8 g. of ammonium acetate 
The amount of silicic acid formed = 0-41 g. 


The excess of sodium silicate present = 0-87 g. 
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TABLE IV 


A = 20c.c. = 1+2 g. of sodium silicate 
B= 4c.c. = 0°8 g. of ammonium acetate 
The amount of silicic acid formed = 0-41 g. 


The excess of sodium silicate present = 0-57 g. 





Observations Po Ph 





Opacity increases 


Nearly set 
Set to a gel 
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TABLE V 


A = 15c.c. = 0-9 g. of sodium silicate 
B= 4c.c. = 0°8 g. of ammonium acetate 
The amount of silicic acid formed = 0-41 g. 


The excess of sodium silicate present = 0-27 g. 





Observations Po Ph 





Opacity increases . 


Viscous 


Nearly set 
Set to a gel 
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TABLE VI 


A = 25c.c. = 1-5 g. of sodium silicate 

B= 4c.c. = 0-8 g. of ammonium acetate 
HCI(1N) =1-0c.c. 

The amount of silicic acid formed = 0-41 g. 


The excess of sodium silicate present = 0-87 g. 
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TABLE VII 


A = 25c.c. = 1:5 g. of sodium silicate 

B = 4c.c. = 0-8 g. of ammonium acetate 
HCI(1N) =2:0c.c. 

The amount of silicic acid formed = 0-41 g. 
The excess of sodium silicate present = 0-87 g. 



































T Observations Po ph Pu Tin cm. 
1 Sa a = 1-0 
2 2-2 we 3-4 1-5 
3 Es oe ze 2-3 
4 2 3-1 
5 Opacity increases .. 4-1 90 4-9 3-7 
6 ‘i 4-4 
8 Viscous 6 , 9-6 5-0 

10 Nearly set sie oa mac ae 5-4 

12 Set to a gel ae ae 8-2 ns a 5-7 

15 8-8 80 13-3 5-8 

20 9-3 se 14-7 5-9 

40 9-6 70 15-5 5-9 

TABLE VIII 
A=25c.c. = 1-5 g. of sodium silicate 
B= 4c.c. =0-8 g. of ammonium acetate 
Ethyl alcohol = 2-0 c.c. 
The amount of silicic acid formed = 0-41 g. 
The excess of sodium silicate present = 0-87 g. 

T Observations Po Ph Pu lin cm. 
2 a ~ sad 0-2 
3 2°8 ae 4:5 0-4 
4 Fae ote an 0-6 
Opacity increases .. re = 90 5-3 1-0 
6 3-1 an saa 1°5 
7 3 a 2:0 
8 4-4 6-2 2-4 

ee ss 2:9 

10 Viscous te 7-2 3+3 
12 5°3 8-8 4-2 
15 Set to a gel 6-7 10-6 4-7 

20 8-8 13-3 5-6 
25 9-4 oa 14-7 5-9 
30 9-4 74 15-5 6-0 
































Mata Prasad and S. Guruswamy 


~ TABLE IX 
A=25c.c. =1:5g. of sodium silicate 
B= 4c.c. =0-8g. of ammonium acetate 
Ethyl alcohol = 5-0 c.c. 
The amount of silicic acid formed = 0-81 g. 


The excess of sodium silicate present = 0-23 g. 








bi Observations Po Ph Pu Tin cm. 
2 es se a 2-2 
3 Opacity increases .. ea 2°8 90 4°5 3-5 
4 Ee ae 4:5 
2 i 5-3 5-1 
6 3-1 a 5-5 
8 4-4 6-2 5-8 
10 Viscous 54 7-2 6:0 
12 Nearly set 5°3 ‘on 8-8 = 
15 Set to a gel 6°7 75 10-6 6:2 
20 8-8 ne 13-3 6-4 
30 9-3 oi 16-3 & 
40 9-3 65 16-3 6°4 




















Discussion of the Results 


1. Changes in the intensity and depolarization factors during gel-formation 


The changes in the values of I and depolarization factors with time 
are shown in Tables I to IX. The values of p, are very small in the begin- 
ning, that is when the solutions are mixed, showing the nearly spherical 
nature of the micelles in the initial stages of gel-formation. During gelation, 
these values increase indicating that the particles become more and more 
anisotropic in shape or/and structure. 


p, has a very high value. It decreases during gelation showing there- 
by that particles grow in size with time. High values of p, indicate that the 
particles are not very large in comparison with the wavelength of light. 


The changes in the value of p, with time are interesting. It increases 
during gel-formation at first slowly and afterwards rapidly and reaches a 
constant value. In the case of the gel which sets in a comparatively long time, 
p, has a high value in the beginning; later on, it decreases at first, passes 
through a minimum and then increases to a constant value (Table II). The 
changes in the value of p, may be due to the increase in the value of p, and 
a decrease in the value of p,. 


The intensity of scattered light also increases during setting. Further, 
it has been observed that the values of I and depolarization factors increase 
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even after the gel has set. This observation is similar to the one made in the 
case of thorium arsenate gels (Prasad and Guruswamy, loc. cit.). The 
silicic acid prepared by Subba Ramiah* by mixing an acid and sodium 
silicate solutions seem to contain particles of size much greater (a 
comparatively low value of p,) than the gels prepared by mixing sodium 
silicate and ammonium acetate solutions. The gels prepared by mixing 
an acid and sodium silicate solutions take a long time to set, whereas, the 
gels prepared by the method used in this investigation, set in a very much 
shorter time. 
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2. The effect of different constituents of the gel-forming mixture on the 
rate of change of intensity of scattered light and on the values of py 


Increasing amounts of sodium silicate in the gel-forming mixture increase 
the time of setting and decrease the rate of change of intensity of scattered 
light (cf. Tables I, If and II). On the other hand, increasing amounts of 
HCI decrease the time of setting and increase the rate of change of scattered 
light (cf. Tables II, VI and VII). Ehyl alcohol acts as a coagulating agent, 
for in the presence of ethyl alcohol, the gel is formed in a much shorter time 
(cf. Tables III and IX). It is interesting to note that the anisotropy of the 
gel particles in the various gels prepared from different amounts of the gel- 
forming constituents, is nearly the same as shown by the nearly same values 
of py: 

3. Size of the Particles 


The high value of p, during and after gel-formation indicates that the 
size of the particles is small in comparison with the wavelength of light. As 
in the case of other gels an approximate idea of the magnitude of the size 
of the particles of silicic acid gels has been obtained by comparing the intensity 
of light scattered in the directions 45° and 135° to the incident light for the 
least anisotropic gel (gel corresponding to Table I, p,=8-2). The results 
show that I,55/I5 is not greater than 1-5 and therefore the size of the parti- 
cles is not greater than } A (cf. Prasad and Guruswamy, Joc. cit.). 


4. Separation of the density and anisotropy scattering 


As in the case of thorium molybdate and thorium arsenate gels (Prasad 
and Guruswamy, /oc. cit.) the density and anisotropy scatterings have been 
separately calculated from the total scattering and the results obtained are shown 
in Table X, in the case of the gel corresponding to Table III. The volume 
of the particles has been expressed in relation to the final volume of the 





* Prac. Ind. Acad. Sci., 1937, 5,°138. 
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particles when the gelation is complete and the results are given in the last 
column of Table X. 








TABLE X 
: : Volume of the 
Time in 6 + 6p lin cm Density Anisotropy particles in 
minutes 6—T7p ; scattering scattering relation to the 
final volume 
3 1-11 0-3 0-27 0-03 0-07 
8 1-06 1-0 0-94 0-06 0-24 
10 1-05 1-6 1-53 0-07 0-39 
15 1-07 2:4 2-25 0-15 0-58 
20 1-09 3-0 2°75 0-25 0-64 
25 1-12 3-6 3-22 0-38 0-83 
30 1°17 4-2 3-60 0-60 0-92 
35 1°18 4:6 3-90 0-70 1-00 
60 1-34 $-2 3-90 1-30 1-00 




















(a) Changes in the anisotropy scattering during gelation —The contribu- 
tion of the anisotropy scattering to the total scattering for silicic acid gels is 
comparatively smaller than those in gels of thorium molybdate and arsenate. 
As in the case of thorium arsenate gels, the anisotropy scattering increases 
during gel-formation. This shows that the particles become more anisotropic 
during gelation. In the earlier stages of gel-formation the anisotropy scattering 
is very small, showing that the particles are nearly spherical, 


(b) Changes in the density scattering during gelation.—As in the case of 
other gels, the density scattering increases with time. This increase in the 
density scattering points to the increase in the volume and a decrease in the 
number of particles during gelation. Thus gelation is a coagulation process. 


(c) Changes in the volume of the individual particles during gelation.— 
The volume of the individual particles at different intervals of time during 
gelation in relation to the final volume increases during gelation (column 4, 
Table X). The final volume of the gel particles is about 15 times of that at 
the commencement of the gelation process. 


(d) Comparison of the final volumes of the gel particles—A relative 
value of the volume of the particles in the gels prepared by mixing different 
amounts of A and B is shown in Table XI. These values have been obtain- 
ed by dividing the final values of the density scattering Ip by the concentra- 
tion of silicic acid in grams per litre (given in column 3) and expressing these 
values relative to the volume of the particles of the gel corresponding to 
Table V. The excess of sodium silicate which may exert an influence on the 
final volume of the gel particles is given in the last column of the table. 
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TABLE XI 
. Relative Excess of 
Gel corres- Amount of Concentra- Final value ; 
ponding to silicic acid _tion of. of density —— — 
table No. formed silicic acid scattering particles present 
g. &. 
I 0-51 10-2 4-47 1-17 0-71 
II 0-46 9-2 4-39 1-28 0-79 
Ill 0-41 8-2 3-90 1-27 0-87 
IV 0-41 8-2 3°54 1-15 0-57 
Vv 0-41 8-2 3-07 1-00 0-27 
VI 0-41 8-2 4-01 1-31 0-87 
é& HCl 




















It will be seen that there are very little changes in the volume of the 
particles in the gels formed by mixing different amounts of (A) and (B). 


(e) The mechanism of the formation of the gel_—From the results obtain- 
ed, the following can be inferred regarding the process of formation of 
silicic acid gels. When the two solutions of sodium silicate and 
ammonium acetate are mixed, a colloidal solution of silicic acid is 
formed. The colloidal silicic acid coagulates and the particles also get 
hydrated, the two processes running concurrently. After some time the whole 
mass sets to a gel. During gelation, in addition to the increase in size, there 
is also an increase in anisotropy in shape or/and structure of the coagulum 
resulting in an increase in the value of p, and the anisotropy scattering I,. 
5. The applicability of the relation connecting py, p, and p, 


The applicability of the relation pa= (14 ~) / (1+ *) connecting 
uv 


Pp» px and p, theoretically deduced by R. S. Krishnan has been examined in 
the case of silicic acid gels by comparing the observed values of p, with those 
calculated from the above relation using the final observed values of p, and 
pz, that is, the values at the completion of the gelation process. The results 
obtained are shown in Table XII. 











TABLE XII 
Final observed values of 
Gel corres- 
ponding to 
table No. Pr Po Pu (obs.) Pu (cal.) 
I 68 8-2 15-5 18-7 
Il 70 8-4 15-5 18-8 
Ill 70 8-2 13-3 18-4 
IV 78 8-3 14-7 17-5 
VI 70 8-2 14-3 18-4 
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The observed and calculated values of p, fairly agree with each other. 
It can be therefore -inferred that Krishnan’s relation holds good fairly for 
the gels investigated. 


Summary and Conclusions 


The changes in the intensity and depolarization of the light transversely 
scattered by silicic acid gels during and after their formation have been 
investigated. — 


It has been shown from the measurements of pz and a comparison of 
the backward and forward scatterings that the size of the particles is less 
than the wavelength of light. An approximate estimate of the size of the 
particles has been made by comparing the intensities of light scattered 
at 45° and 135° to the incident light. It has been found that the size 
of the particles is about }A. It has been pointed out that hydration can 
produce no change in the intensity of scattering and so the actual size of the 
gel particles may be greater than 3A. 


Since the size of the particles is less than the wavelength of light the 
density and anisotropy scatterings have been separately calculated from 
the observed total scattering, and their changes during gelation investigated. 
As in the case of other gels, the density scattering increases during gel- 
formation thereby showing that gelation is analogous to coagulation. 


The anisotropy scattering is small compared with the density scatter- 
ing in the early stages of gel-formation (about 1/9th). It increases during 
gel-formation and becomes about a third of the density scattering. The 
increase in the anisotropy scattering shows that the gel particles become 
more anisotropic during gelation. 


The volume of the gel-particles at different intervals of time during 
gelation has been expressed in relation to the final volume of the gel-particles. 
The results show that the particles increase by about 15 times during gel- 
formation. 


A comparison of the final volume of the gel particles of the same gel 
formed by mixing different amounts of the gel-forming constituents shows 
that there are no great changes in the final volume of the particles in the 
gels formed under different conditions of gel-formation. 


It has been inferred by comparing the observed and calculated values 
of p,, that the relation p, = (1 o ~) | (1 + *) holds good fairly in the case of 
P Pu 


silicic acid gels. 
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The process of formation and the effect of different amounts of the 
gel-forming consituents on the formation of silicic acid gels as revealed by 
this investigation have been discussed in detail. 


One of the authors (S.G.) is grateful to Pioneer Magnesia Works for 
awarding him a scholarship during the progress of this work. Our best 
thanks are due to Dr. K. R. Ramanathan, M.A., p.Sc., for the loan of a 
double-image prism and Nicol used in this investigation and to Mr. Marathe, 
LEE, Gr.LE.E. (London), M.LR.B., for his help in building the photoelectric 


unit. 
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IT has recently been shown that the glucoside, Hibiscitrin is the main 
pigment component of the flower petals of Hibiscus sabdariffa, gossypitrin 
and sabdaritrin being present in minor quantities: The aglucone, 
hibiscetin has the formula C,;H,gO, and has seven hydroxyl groups thereby 
forming heptamethyl and hepta-acetyl derivatives. It is therefore one of 
the most highly hydroxylated compounds among flavones and flavonols, 
It gets readily oxidised in alkaline solutions. When its heptamethyl ether 
is decomposed with alcoholic potash, trimethyl gallic acid is formed as 
one of the products. In its reactions with alkaline buffer solutions and with 
p-benzoquinone it closely resembles herbacetin and gossypetin. Based on 
these results Rao and Seshadri proposed for it the constitution of 
3:5:7:8:3':4': 5’-heptahydroxy flavone.? It is thus the highest member 
of the herbacetin series of flavonols and carries three hydroxyl groups in 
the side phenyl nucleus. 


The above constitution of hibiscetin has now been confirmed by synthesis. 
The method adopted is very similar to that employed by Baker, Nodzu 
and Robinson for the synthesis of gossypetin.? 2: 4-Dihydroxy-w: 3: 6- 
trimethoxy-acetophenone (I) is condensed with the sodium salt and an- 
hydride of trimethyl gallic acid. The product is 7-hydroxy-3: 5: 8: 3’: 4’: 5’- 
hexamethoxy flavone (II) which when methylated, readily yields the hepta- 
methyl ether (III) melting at 194~-96°. Its identity with hibiscetin hepta- 
methyl ether has been established by a mixed melting-point determination. 
A preliminary report on this identity has been made by Rao‘ in Current 
Science. Demethylation of (II) using hydriodic acid gives rise to 3: 5:7: 
8: 3’: 4’: 5’-heptahydroxyflavone (IV) melting with decomposition at about 
350°. A mixture of this with hibiscetin obtained from the flowers of 
Hibiscus sabdariffa behaves similarly. Further comparison of the compo- 
sition melting points and the colour reactions (using dilute alkali, ferric 
chloride and alkaline buffer solutions) of the synthetic and natural samples 
has confirmed complete identity.? 
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For the preparation of the ketone (I) the original method of Baker et al.* 
involved the following stages. The tribenzyl ether of pyrogallol was oxidis- 


i ed by means of nitric acid to 2: 6-dibenzyloxy-p-benzoquinone. This was 


reduced to the corresponding quinol and methylated leading to the formation 
of 2:6-dibenzyloxy-1:4-dimethoxybenzene (V). Since benzyl ethers are 
much more readily hydrolysed than methyl ethers, debenzylation of (V) 
could be effected by the action of a mixture of hydrochloric and acetic acids 
at 65° and 2: 5-dimethoxy resorcinol (VI) was obtained. This was subse- 
quently converted to the ketone (I) by the application of Hoesch reaction 


{ using methoxy acetonitrile. The above method of debenzylation is not 


convenient and considerable drop in yield is sustained during the operation. 
The preparation of the ketone has now been rendered simpler and the yield 
considerably improved by a modification in the above procedure. When 
compound (V) is treated with methoxy acetonitrile and dry hydrogen chloride 


OCH, 


| 
1 y CH;'C,H, __ Acetic and nef \~on 


hydrochloric acids ) 


in ethereal solution in the presence of anhydrous zinc chloride the ketimine 
hydrochloride corresponding to (I) is formed. Obviously debenzylation 
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and Hoesch condensation have taken place together. The presence of zine 
chloride is quite necessary as otherwise no reaction takes place. Since (VI) 
undergoes Hoesch condensation in the absence of zinc chloride it could be 
inferred that this salt (in conjunction with hydrogen chloride) is responsi- 
ble for the debenzylation which seems to be a necessary preliminary to the 
subsequent Hoesch condensation. 


Experimental 


2: 4-Dihydroxy-w: 3: 6-trimethoxy acetophenone.—2: 6-dibenzyloxy-1: 4 
dimethoxy benzene (7 g.) prepared from pyrogallol according to the proce- 
dure adopted by Baker, Nodzu and Robinson* was dissolved in dry ether 
(75 c.c.) and methoxy-acetonitrile (3-5 g.) added. After the addition of 
anhydrous zinc chloride (3 g.), the mixture was saturated with dry hydrogen 
chloride at 0°, and the current of gas passed further for nearly four hours. 
The flask was then corked tightly, sealed with wax and left overnight in a re- 
frigerator. The ketimine hydrochloride was formed as a dark brown semi- 
solid with a pale yellow incrustation. Further quantity was precipitated 
by the addition of dry ether. It was separated, and washed with more of 
ether. The original ether solution and the washings contained mainly ben- 
zyl chloride. The ketimine hydrochloride was dissolved in water (50 c.c.), 
and the solution (A) extracted with ether to remove impurities. The ether 
extract, which was slightly turbid, yielded on evaporation a sticky substance. 
When purified by crystallisation from alcohol using a little animal char- 
coal it was obtained as a colourless crystalline solid melting at 110°-12°. 
It gave a light violet colour with ferric chloride. The yield of this 
by-product was very variable and it went up to a maximum of 0°5 g. in one 
experiment. Its nature is still under investigation. 


When the ketimine hydrochloride solution (A) was heated on the water- 
bath for an hour and cooled, the crude ketone crystallised out. Further 
quantities could be obtained by the concentration of the mother-liquor 
and extraction with ether. The crude compound was easily soluble in 
sodium carbonate solution, while the accompanying impurities were not. This 
property was made use of in the preliminary purification of the compound. 
It was finally crystallised from hot water, when it came out as long colour- 
less needles melting at 150-51°. With ferric chloride an alcoholic solu- 
tion of the substance gave a bluish violet colouration. The yield of the pure 
product was 3 g. 


7-Hydroxy-3: 5: 8: 3’: 4’: S’-hexamethoxy flavone (hexamethyl hibis- 
cetin).—2: 4-Dihydroxy-w: 3: 6-trimethoxy acetophenone (2 g.), sodium 
trimethyl gallate (8 g.) and trimethyl gallic anhydride (20 g.) were intimately 
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mixed together and heated under reduced pressure for four hours in an oil- 
bath at 175-80°. During heating there was some resinification of the material. 
The reaction product was dissolved in boiling alcohol (150 c.c.) and treated 
with 40% potassium hydroxide (20 c.c.) in small quantities during the course 
of 20 minutes. The mixture was then boiled under reflux for half an hour. 
The solvent was subsequently removed under reduced pressure, the residue 
dissolved in water (100 c.c.) and the solution saturated with carbon dioxide. 
As no flavonol separated out at this stage, the clear alkaline solution was 
treated with hydrochloric acid till the reaction was just acid and the precipitat- 
ed trimethyl gallic acid rapidly filtered under suction. When the filtrate was 
extracted with ether and the solution evaporated, a pale yellow substance 
was obtained. It was washed with cold dilute sodium carbonate in order 
to remove the last traces of trimethyl gallic acid and was finally crystallised 
from dilute acetic acid. It was thus obtained as light yellow needles and 
rectangular plates melting at 238-40°. The yield was 0-5 g. [Found in 
air-dried material: C, 59-7; H, 5-7; C,gsH;0, (OH) (OCHs)g requires: 
C, 60:3; and H, 5-3%.] The substance dissolved in alkali to form a yellow 
solution and developed no characteristic colour with ferric chloride. 


3:5: 7:8:3': 4: S'-Heptamethoxy flavone (heptamethyl hibiscetin).—The 
hexamethyl hibiscetin (0-2 g.) was dissolved in.20% sodium hydroxide (5 c.c.) 
and treated with dimethyl sulphate (0-5 c.c.) in drops with vigorous shak- 
ing. During the operation, the methylated product began to separate out, 
but the reaction was brought to completion by heating the mixture on a 
water-bath for half an hour. On cooling, the methyl ether precipitated 
out completely. It crystallised from dilute acetic acid as shining colourless 
needles and narrow rectangular plates melting at 194-96°. Mixed melting 
point with heptamethyl hibiscetin, prepared by the methylation of hibisce- 
tin, was undepressed. 


3:5:7:8:3':4': 5'-Heptahydroxy flavone (hibiscetin)—The hexamethyl 
hibiscetin obtained above (0-2 g.) was dissolved in acetic anhydride 
(0:5 c.c.) and treated with hydriodic acid (5 c.c.) of 1-7 density. The 
mixture was boiled under reflux for 3 hours. After dilution with an 
equal amount of water, sulphur dioxide was passed through the solution 
in order to remove iodine. A yellow solid was then found to have 
separated out. It was insoluble in all the ordinary organic solvents except 
dilute pyridine from which it crystallised as deep yellow shining rectangular 
plates and prisms melting at about 350° with decomposition. It dissolved, 
like the natural hibiscetin, in dilute alkali producing a red solution which 
tapidly changed to brown. With neutral lead acetate it gave a deep red 
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precipitate in alcoholic solution and with ferric chloride an olive brown 
colour. With alkaline buffer solutions its colour changes were exactly ~ 
similar to those produced with the natural pigment; the initial deep yellow 


solution rapidly changed to green and then to blue; this colour quickly ~ 
faded to brown and was pale yellow after 24 hours. [Found: C, 50-6; | 
H, 3-8; C,5H,9O,, H.O requires C, 51-1; H, 3°4.] a 


Summary 


A convenient method of preparing 2: 4-dihydroxy-w: 3: 6-trimethoxy- 
acetophenone (I) directly from 2: 6-dibenzyloxy-1: 4-dimethoxybenzene 
is described. By the condensation of (I) with the sodium salt and anhydride 
of trimethylgallic acid, 7-hydroxy-3: 5: 8: 3’: 4’: 5’-hexamethoxyflavone 
(Il) is obtained. Methylation of (Il) yields a heptamethyl ether (III) iden- 
tical with heptamethyl hibiscetin. | Demethylation of (II) gives rise to a 
heptahydroxy flavone (IV) which is found to be identical with hibiscetin in 
all its properties and reactions. The constitution of hibiscetin is therefore 
confirmed by synthesis as 3: 5: 7:8: 3’: 4’: 5’-heptahydroxy flavone. 
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